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CHAPTER 1. INTRODUCTION 
History of Plant Proteinase Inhibitors: with Emphasis on Proteinase 
Inhibitors I and II 
Early studies 
Plant proteinase inhibitors were first recognized in wheat flour 54 years ago by 
Read and Haas (1938). Since that time, many researchers have considered the possible 
function of proteinase inhibitors in plants. Early workers considered plant proteinase 
inhibitors as possible regulatory proteins or storage proteins. However, the function 
of proteinase inhibitors as a regulator of endogenous proteinases was questioned by 
Ofelt et al. (1955). These authors showed that soybean proteinase inhibitors did 
not inhibit endogenous soybean proteinases and this conclusion was later confirmed 
by Birk and Waldman (1965). The role of proteinase inhibitors as storage proteins 
was further supported by their presence in large quantities in seeds and tubers. For 
example, the inhibitors comprise about 6% of the total soybean proteins (Rackis and 
Anderson, 1964) and up to 10% of the soluble proteins of potato tubers (Ryan et al., 
1968a). Because of the large quantity of proteinase inhibitors in foods, researchers 
also focused on their effect in the human or livestock food chain (Lyman, 1957; Rackis, 
1965). 
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Interest in plant proteinase inhibitors has expanded from earlier research on their 
regulatory or storage role in plant to more recent interest in their possible contribu­
tions to natural protection systems of plants. In 1964, Applebaum first proposed 
the role of plant proteinase inhibitors as a defense mechanism against insects. This 
hypothesis was based upon studying the effect of soybean trypsin inhibitor on beetles 
(Applebaum, 1964). 
In addition to the soybean trypsin inhibitor, other proteinase inhibitors have 
received much attention. The chymotrypsin inhibitor (Ball and Ryan, 1963; Ryan 
and Ball, 1962), called Inhibitor I (Ryan, 1968a), from potato tubers was found to 
have inhibitory activity against proteinases from mammalian, bacterial, and fungal 
origin but not from plant origin (Ryan, 1966). The potato Inhibitor I was shown to 
consist of four subunits. The molecular weight of Inhibitor I was found to be 39,000 
± 2,000 and the molecular weight of its complex saturated with chymotrypsin was 
140,000 ± 4,600 (Meville and Ryan, 1972). This indicates that four molecules of 
chymotrypsin could complex with one molecule of Inhibitor I, one for each Inhibitor 
I subunit. Inhibitor I also was found in detached potato (Ryan, 1968a) and tomato 
(Ryan, 1968b) leaves, which were incubated in water, but not in the attached leaves. 
The possible involvement of proteinase inhibitors in plant protection received 
considerable support with the discovery in 1972, that attack of Colorado potato 
beetles on potato and tomato plants induced the accumulation of proteinase inhibitors 
in leaves (Green and Ryan, 1972). The induction of proteinase inhibitors in foliage 
was shown to be systemic, accumulation of proteinase inhibitors occurred even in 
unattacked leaves distant from the attack sites. Therefore, plant proteinase inhibitors 
become a subject of intense study to understand natural defense systems in plants. 
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After the discovery of the inducibility of proteinase inhibitors, research was fo­
cused on the characterization of proteinase inhibitor proteins as well as the chemical 
signals that induce the proteinase inhibitor accumulation. Several proteinase in­
hibitors are found in tomato and potato. The most thoroughly characterized of these 
have been Inhibitor I (Melville and Ryan, 1972; Richardson, 1974; Richardson and 
Cossins, 1974) and Inhibitor II (Gustafson and Ryan, 1976; Bryant et al., 1976). In 
addition, two additional inhibitors from tubers of Japanese potato were also identified 
as Inhibitor Ila and lib, (Iwasaki et al., 1976; Iwasaki et al., 1977). These inhibitors 
may be similar to the inhibitors recently isolated by Suh et al. (1990). 
Proteinase Inhibitor II was first isolated from detached tomato leaves (Gustafson 
and Ryan, 1976). It is a dimer and has a molecular weight of around 20,000. It has 
inhibitory activities against chymotrypsin and trypsin. Bryant et al. (1976) isolated 
and characterized the potato tuber Inhibitor II protomer components and concluded 
that the properties of the Inhibitor II are not identical to the Inhibitor lia and 
lib from the Japanese potatoes. Inhibitor I was not similar to Inhibitor II because 
neither inhibitor cross-reacted with antiserum prepared against the other (Bryant et 
al., 1976). This has been more recently confirmed by comparing the deduced amino 
acid sequences of the cloned genes. However, tomato inhibitors have been shown 
to be very similar to potato inhibitors. Tomato Inhibitor I strongly cross-reacted 
with antibodies prepared against potato Inhibitor I (Gustafson and Ryan, 1976). 
The same result was found for Inhibitor II from tomato and potato. Inhibitors I 
and II were also purified from wounded tomato leaves and were shown very similar 
to potato tuber Inhibitors I and II in subunit molecular weight, composition, and 
inhibitor activities (Plunkett et al., 1982). 
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Inhibitors I and II were localized in the tomato leaf vacuole by immunological 
methods. The vacuoles isolated from wounded tomato leaves have been shown to 
contain Inhibitors I and II while control vacuoles isolated from unwounded leaves did 
not contain the inhibitors (Walker-Simmons and Ryan, 1977). From this result, these 
authors proposed that Inhibitors I and II naturally accumulated in vacuoles following 
wounding. In 1980, Nelson and Ryan showed that Inhibitor I and II mRNAs were 
translated in vitro as preproteins with a molecular mass about 2,000-3,000 daltons 
larger than the mature inhibitors found in wounded tomato or potato leaves. They 
pointed out that the presequences might facilitate transport of the mature inhibitor 
into the vacuolar compartments of tomato or potato cells. 
Molecular genetic studies 
Molecular biological techniques have been employed to investigate at the gene 
level the wound-induced accumulation of proteinase inhibitor proteins in plant leaves. 
Graham et al. isolated the cDNAs of wound-induced Proteinase Inhibitor I (Graham 
et al., 1985a) and II (Graham et al., 1985b) from tomato leaves. Tomato Inhibitor 
I and II cDNAs were then utilized to show that the synthesis of Inhibitor I and 
II mRNAs were regulated at the level of transcription (Graham et al., 1986). The 
cDNAs were also used to isolate the wound-inducible Proteinase Inhibitor I gene from 
tomato (Lee et al, 1986) and potato (Cleveland et al., 1987) and Inhibitor II gene 
from tomato (Fox, 1986) and potato (Thornburg et al., 1987b). Another Proteinase 
Inhibitor II cDNA was isolated (Sanchez-Serrano et al., 1986) from potato tubers. 
This cDNA clone waa used to isolate a genomic clone of the Inhibitor II from the 
haploid potato plants (Keil et al., 1986). 
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The potato Inhibitor II genomic clones have been used to investigate the expres­
sion of marker genes driven by Inhibitor II promoters in transgenic plants. Thornburg 
et al. (1987a) showed that chloramphenicol acetyltransferase (CAT) activity driven 
by the Inhibitor IIK promoter was induced by mechanical wounding in both the 
wounded leaves as well cis unwounded leaves of transgenic tobacco plants. Wound-
inducible expression of CAT protein in transgenic tobacco plants was also shown in 
field tests following attack by insects (Thornburg et al., 1990). Sanchez-Serrano et 
al. (1987) also showed wound-induced expression of a potato Inhibitor II gene in 
transgenic tobacco plants. In addition to these results, Keil et al. (1989) demon­
strated that ^^-glucuronidase (GUS) activity driven by the Inhibitor II promoter was 
expressed in both wounded leaves and unwounded potato tuber of transgenic potato 
plants. 
The promoter and terminator regions of the wound-inducible Inhibitor II genes 
were analyzed by deletion analysis of both the promoter and terminator in transgenic 
plants. An et al. (1989) showed that a 100-base pair DNA fragment surrounding the 
polyadenylation site was essential for efficient gene expression. 
Two different groups analyzed the promoter region using 5' deletions (Keil et al., 
1990) and 3' deletion (Palm et al., 1990). Palm et al. localized the sequences that 
control wound-inducibility to a 421 base sequence of this promoter. This sequence is 
located is at -557 to -136 from the transcription initiation site. Keil et al. similarly 
localized the wound-responsive elements to the region between -514 and -210 from 
the transcription start site. 
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In addition to the promoter deletion analysis, nuclear protein binding to the 
Inhibitor II promoters was also examined by these same groups. Palm et al. (1990) 
proposed that a nuclear protein from unwounded and wounded tomato leaves may 
bind to a 10-base sequence 5'-AAGCGTAAGT-3', which is located at -165 to -156 
of the wound-inducible pm2K. On the other hand, Sanchez-Serrano et al. (1990) 
identified a 17 base sequence 5'-GAGGGTATTTTCGTAA-3', which is located at 
-1274 to -1255 from the transcription initiation site of the wound-inducible Inhibitor 
II gene. They proposed that this latter sequence is the target for the non-cooperative 
binding of two potato nuclear proteins. Because this far upstream region of the 
Inhibitor II gene is not necessary for wound induction but instead functions as an 
enhancer, the proteins that bind to this region may be involved in the efficiency of 
expression rather than wound-induction. 
Signals for induction of the inhibitor genes 
When wounding occurs in tissues distant from the wound site, wound signals 
are sent from the wounded region to the distal unwounded regions. These signals are 
presumed to be chemical because of their characteristics of migration. 
The Proteinase Inhibitor Inducing Factor (PIIF) was first extracted as a water-
soluble crude solution from autoclaved, freeze-dried tomato leaves (Ryan, 1974). The 
assay for PIIF utilized immunoradial diffusion methods (Ryan, 1967). This method 
immunologically measured the concentration of inhibitors by radial diffusion in agar 
gels containing antisera. This assay method was utilized to survey PIIF activity in 39 
plant species. Substances with PIIF-like activity were shown to be wide spread in the 
plant kingdom (McFarland and Ryan, 1974). PIIF from tomato leaves was identified 
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as a Q-D-polygalacturonic acid polymer which was made of a-l,4-D-galacturonic acid 
oligomers with degree of polymerization from 2 to 6 (Bishop et al., 1984). 
Several other unrelated biochemicals have also been found to contain the ability 
to induce proteinase inhibitors. They are oligosaccharides obtained by fungal or 
tomato endopolygalacturonase digestion of tomato cell wall pectic polysaccharides 
(Bishop et al., 1981) or suspension-cultured sycamore cells (Ryan et al., 1981) and 
soluble chemical derivatives of chitin and chitosan (Walker-Simmons et al., 1983; 
Walker-Simmons et al., 1984). However, evidence that radiolabeled oligosaccharide 
with a degree of polymerization greater than 6 do not travel long distances through 
the plant vascular system has cast doubt on the role of oligosaccharide as a primary 
transported intercellular signal (Baydoun and Fry, 1985). Therefore, other signals 
have been proposed as the long-distance signal, while oligosaccharides such as PIIF 
may be local signals. One compound, termed super-PIIF is at least 2 orders of 
magnitude more potent than tomato leaf polygalacturonic acid. Super-PIIF, an 18 
amino acid polypeptide, has been identified and purified from tomato leaves as a 
heat-stable substance (Farmer et al., 1989). In addition to this compound. Farmer 
and Ryan (1990) found that methyl jasmonate can act as a volatile signal on the 
induction of proteinase inhibitors even in neighboring plants. Pena-Cortes et al. 
(1989) proposed abscisic acid, ABA, as the second messenger of wound responses. 
Recently, Johnson and Ryan (1990) showed that sucrose can act as an enhancer 
molecule on the expression of wound-inducible pm2K. In addition, auxins have been 
shown to repress wound-inducible pm2K expression in transgenic tobacco callus and 
plants (Kernan and Thornburg, 1989). These results indicate that the induction 
system of the proteinase inhibitor accumulation by wounding is very complex. The 
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exact mechanisms that regulate wound-inducible expression of proteinase inhibitors 
remain to be elucidated. 
Role of Plant Proteinase Inhibitors as a Plant Defense System 
Because only a few of métallo- and aspartyl proteinase inhibitors have been 
found in plants, members of the serine and cysteine proteinase inhibitor families 
are thought to have a greater role in the plant defenses (Ryan, 1990). Of these, 
the serine proteinase inhibitors have been the subject of more research than any 
other class of proteinase inhibitors. There are ten distinct families of proteinase 
inhibitors in plants. Among these families, the serine proteinase inhibitor families 
from plants are Soybean Trypsin Inhibitor family, Bowman-Birk Inhibitor family, 
Barley Trypsin Inhibitor family. Potato Inhibitor I family. Potato Inhibitor II family, 
and Squash Inhibitor family (Ryan, 1990). The cystatins are the only known cysteine 
proteinase inhibitor family from plant species. Examples of the cystatins are known 
from pineapple, potato, corn, rice, cowpea, mungbean, tomato, wheat, barley, rye, 
and millet (Ryan, 1990). In addition to these, there are bifunctional Ragi I-2/Maize 
Inhibitor family, Carboxypeptidase A, B Inhibitor family, and Aspartyl Proteinase 
Inhibitor family in plants. 
Proteinases throughout all living systems have been classified into four major 
groups according to the structure of their active center and amino acid specificity 
(Hartley, 1960). Insect digestive endopeptidases consist of serine proteinases, car-
boxyl proteinases, and sulfhydrylproteinases but insects do not have metallopro-
teinases (Applebaum, 1985). Among these proteinases, serine proteinases have been 
identified in extracts from digestive tracts of insects from many families, especially 
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the Lepidoptera which include many crop pests (Broadway, 1989; Houseman et al., 
1989). Thus, proteinase inhibitors that are induced by insect attacking are thought 
to have antinutritional effects against several lepidopteran insect species. Broadway 
and Duffy (1986) compared the effect of Soybean Trypsin Inhibitor and Potato Pro­
teinase Inhibitor II to the growth and digestive physiology of larval Hdiothis zea 
(Boddie) and Spodoptera exigua (Rubber). At high levels of proteinase inhibitors in 
the diet, growth of these larvae was inhibited. The antinutritional effect of proteinase 
inhibitors against insects may be due to the specific essential amino acid shortage as 
it is in higher organisms. Nutritional studies on chicks (Pearce et al., 1979) showed 
that the defensive nature of proteinase inhibitors acts by its limitation of methionine 
in the diet. 
In addition to these results, insect herbivory has an significant effect on the diet 
quality of plants for insects. When beet armyworm, Spodoptera exigua^ a common 
herbivore on cultivated tomatoes, attack the tomato plants, a rapid decline in diet 
quality is observed (Ryan et al., 1986, Broadway et al., 1986). Diet quality of plants is 
correlated with a highly significant reduction in larval growth on a medium containing 
foliage from insect-damaged and the systemically induced proteinase inhibitors in 
tomato leaves (Ryan et al., 1986). In these studies tomato proteinase inhibitors were 
>200 /«g/g tissue. Similar experiments were performed by Edwards et al. (1985) in 
which wounded tomato leaves, when fed to larvae of Spodoptera littoralis, caused a 
change in feeding patterns and an inhibition of growth. 
The first direct correlation that proteinase inhibitors might be effective against 
insects was carried out in cowpea (Vigna unguiculata). Gatehouse et al. (1979) 
showed that the level of a trypsin inhibitor of cowpea correlates with field resistance 
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of cowpeas to the bruchid beetle, Callosobruchus maculata. Experiments with pu­
rified cowpea trypsin inhibitor incorporated at physiological levels in artificial diets 
have shown this inhibitor to be an anti-metabolic compound against various insects, 
including Heliothis, Spodoptera, Diabrotica, Manduca, and Triholium (Gatehouse et 
al., 1983, Hilder et al., 1987). The relationship between the level of proteinase in­
hibitor in plants and the resistance against insects was also shown in the transgenic 
plants. The transgenic tobacco plants, which contain the cowpea trypsin inhibitor 
gene, have been shown to have enhanced levels of resistance to several insects, includ­
ing Heliothis, Spodoptera, and Manduca (Hilder et al., 1987; Boulter, 1989). This 
may not be the only mechanism involved in resistance, because this has recently 
been shown to be untrue for several Brazilian varieties of cowpeas (Xavier-Filho and 
Campos, 1989). 
Recently, Johnson et al. (1989) transformed tobacco plants with genes coding 
for tomato and potato Inhibitor II proteins and a tomato Inhibitor I protein with a 
cauliflower mosaic virus 35S promoter. Extracts of leaves from transformed plants 
contained high levels of trypsin and chymotrypsin inhibitory activities (>50 jug/g 
tissue). When tobacco horn worm larvae {Manduca sexta) were fed on leaves of trans­
genic plants containing Inhibitor II, growth of the larvae was significantly retarded, 
compared to growth of larvae fed untransformed leaves. At higher levels of inhibitors 
(>100 pg/g tissue), the larvae grew less rapidly and some of the larvae died. These 
results have firmly established that the expression of plant proteinase inhibitor genes 
in foreign plants can provide resistance against herbivore attacks. 
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Objectives and Rationale 
Basic studies and knowledge of the chemistry, biochemistry, physiology and 
molecular biology of proteinase inhibitor proteins, especially Inhibitors I and II, pro­
vide a foundation to develop a strategy of plant protection. Such studies will help 
to define the role of these inhibitors in natural plant defenses. Furthermore, such 
information will not only contribute to a better understanding of the plant-insect 
interactions but also provide us with effective ways to improve the natural defensive 
systems of agronomically important plants. 
The objectives of my dissertation research were to isolate and characterize both 
molecularly and functionally a potato Proteinase Inhibitor II gene. These studies 
included the following steps. 
1. Purify phage 2T, confirm the restriction map, and subclone the entire gene, 
which includes open reading frame as well as 5' and 3' flanking regions. 
2. Analyze the cloned gene by DNA sequencing. 
3. Construct chimeric genes and transform tobacco plants to demonstrate func­
tionality of the gene. 
4. Determine if nuclear proteins from wounded or unwounded potato leaves bind 
to the promoter. 
5. Determine the effect of inducers on the expression of the chimeric pin2T 
constructions. 
Unpublished contributions to this work by other individuals 
The potato genomic library was initially screened by Dr. Thomas E. Cleveland 
of USDA/ARS. The phage 2T was isolated and a restriction map was made by Dr. 
12 
Robert W. Thornburg of Iowa State University. Dr. Robert W. Thornburg also made 
the initial wound-inducible tobacco line Tr25. Mr. Tad Kornaga made the tobacco 
line Tr25 homozygous for the pfra2K-CAT construction. All the remainder of the 
described work was conducted by the author in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy at Iowa State University. 
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CHAPTER 2. MATERIALS AND METHODS 
Materials 
Bacteriophage, bacteria, and plants used in this work are shown in Table 2.1. The 
potato genomic library was constructed in bacteriophage lambda charon 4A (Aam32, 
Baml, lac5, bio256, VKH54, VNIN5, and ^80QSR) (Blattner et al., 1977) by Dr. 
David Anderson of Phytogen Corp. He kindly provided this library to Dr. Clarence 
A. Ryan of Washington State University. Phage 2T contains a potato Proteinase 
Inhibitor II gene in charon 4A. Phage M13K07 (Vieira and Messing, 1987) was used 
for preparation of single stranded DNAs for use in sequencing and in site-directed 
mutagenesis. 
E. coli strain K802 {hsr~, hsn'^, gal, met, supE) (Wood, 1966) was used for 
the host of phagelambda and TG-1 (K12, A (lac-pro), supE, thi~, hsdD5/F', traD36, 
proA"^B"^, laql^, lacZAMlS) (Amersham) was used for amplification of plasmids 
and production of single stranded DNA. Another E. coli strain HBlOl {pro~, leu~, 
thi~, lacY, hsdR~, endA~, recA~, rpsL20(5m''), aral4, galK2, xyl5, mtll, supE44, 
and A"") (Bolivar and Backman, 1979) was used for amplification of large plasmids. 
Phage and bacteria were grown in a standard medium (2YT) (Maniatis et al., 1982). 
Agrobacterium tumefaciens strain LBA4404 (Hoekema et al., 1983) carrying the 
avirulent helper Ti plasmid pAL4404, was used for the transformation of tobacco 
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Table 2.1: Bacteriophage, bacteria, and plants used in this work 
Materials Strains Purpose or Use 
Bacteriophage ; charon 4A potato genomic library 
2T Inhibitor IIT 
M13K07 ssDNA preparation 
Bacteria E. coli K802 host for A phage 
E. coli TGI host for plasmids 
E. coli HBlOl host for plasmids 
A. tumefaciens LBA4404 plant transformation 
Plants S. tuberosum FL1607 nuclei isolation 
N. tabacum cv. Xanthi plant transformation 
N. tabacum cv. Xanthi Tr25 pm2K-CAT 
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[Nicotiana tabacum cv. Xanthi) plants. 
Tobacco plants used for stable transformation were grown aseptically in 1-quart 
canning jars containing 200 ml of MS solid medium (Murashige and Skoog, 1962). 
Potato {Solanum tuberosum, FL1607) plants were obtained from Frito-Lay Inc., 
Dallas, TX. Potato plants, which were used for nuclei isolation, were grown in the 
Iowa State University Agronomy greenhouse under natural light supplemented with 
halogen lights from 6 am until 10 pm. Plants, transgenic tobacco or potato, were 
wounded with a hemostat by crushing leafblade in the middle, perpendicular to the 
midvein as described by Graham et al. (1986). 
Cloned genes used in this work are shown in Table 2.2. Plasmid pT247 (Graham 
et al. 1985b) contains the tomato Inhibitor II cDNA in the plasmid pUC9 (Vieira 
and Messing, 1982). Plasmids pUCllS and pUCll9 (Vieira and Messing, 1987) were 
used for subcloning of genes and preparation of single stranded DNAs. Plasmids 
pRT38 and pRT125 (Thornburg et al., 1987a) contain the wound-inducible potato 
Proteinase Inhibitor IIK (pm2K) terminator in the plasmid pUC13. Plasmid pRT24 
(Thornburg et al., 1987a) contains the •pin2K promoter in the plasmid pUCl3. 
Plasmid pBIlOl.l (Jefferson et al., 1987) contains /^-glucuronidase coding sequence in 
the plasmid pBIN19 (Bevan, 1984) and plasmid pGA425 (An et al., 1986), a derivative 
of the plasmid pSVO-CAT (Barton and Chilton, 1983), contains chloramphenicol 
acetyltransferase coding sequence. See Appendix for maps of plasmids. 
DNA modifying enzymes were purchased from New England Biolabs (Beverly, 
MA) or American Allied Biochemicals (Aurora, CO). [32P]-labeled nucleotides, [35S]-
labeled nucleotides, and [14C]-chloramphenicol were obtained from New England Nu­
clear (Boston, MA) or Amersham (Arlington Height, IL). 
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Table 2.2: Cloned genes used in this work 
Genes &: clones Contents Reference 
pTgiT tomato Inhibitor II cDNA 
pUCllS & pUC119 general purpose cloning vehicle 
pRT24 promoter of potato Inhibitor IIK 
pRT38 & pRTl25 terminator of potato Inhibitor IIK 
pBIlOl.l E. coll. uidA (GUS) coding sequence 
pGA425 CAT coding sequence 
Graham et al., 1986 
Vieira and Messing, 1987 
Thornburg et al., 1987a 
Thornburg et al., 1987a 
Jefferson et al., 1987 
An et al., 1986 
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Plant hormones, 4-methylumbelliferyi ;S-D-glucuronide and 4-methylumbelliferone 
were purchased from Sigma Chemical Co. (St. Louis, MO). 5-bromo-4-chloro-3-
indoyl /3-D-glucuronic acid was obtained from Clontech (Palo Alto, CA). Kits for 
nick-translation, sequencing and polymerase chain reaction, and mutagenesis were 
purchased from New England Nuclear, US Biochem. (Cleveland, OH), and Amer-
sham, respectively. Reagent-grade chemicals were purchased from a local supplier. 
Methods 
Growth and purification of lambdaphage 2T 
Large-scale preparation and purification of lambdaphage 2T and extraction of 
DNA followed the methods outlined in Maniatis et al. (1982). E. coli strain K802 was 
used as a host bacteria. E. coli were infected with phage 2T by addition of 5 x 10^ 
bacteriophage to a suspension of 10^® bacteria cells and grown for 10 h. Following 
addition of chloroform to lyse the bacteria cells and subsequent separation of the 
broth from the chloroform, NaCl and polyethylene glycol (PEG 6000) were added 
to the broth at a final concentration of 1 M and 10%, respectively. This mixture 
was incubated at 4°C for 6 h to precipitate the bacteriophage. The precipitated 
bacteriophage particles were recovered, by centrifugation at 11,000 x g for 10 min and 
resuspended in SM solution containing 0.1 M NaCl, 0.2% MgClg, 0.05 M Tris-HCl 
(pH 7.5), and 0.005% gelatin. After mixing with an equal volume of chloroform, 
the mixture was centrifuged at 1,600 x g for 15 min to recover the aqueous phase 
containing the bacteriophage. Cesium chloride (0.75 g/ml) was added to the aqueous 
phase and the solution was ultracentrifuged at 38,000 rpm (100,000 x g) for 24 h 
in a Sorvall RC70 ultracentrifuge. After centrifugation, bacteriophage particles were 
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recovered with a needle and syringe. The phage particles were dialyzed at room 
temperature for 1 hour against a 1,000-fold volume of 10 mM NaCl, 50 mM Tris-HCl 
(pH 8.0) and 10 mM MgCl2- DNAs were separated from the phage coat protein by 
the sequential extraction with an equal volume of phenol, phenol/chloroform (50:50), 
and then chloroform. The phage DNA was then precipitated with ethyl alcohol, dried 
under vacuum, and resuspended in TE80 solution containing 10 mM Tris-HCl (pH 
8.0) and 1 mM Na2EDTA. Phage DNA was routinely stored at -20°C. 
Cloning of Inhibitor IIT gene (pm2T) from the lambdaphage 2T and sub-
cloning for the sequence analysis 
To confirm the restriction map of lambdaphage 2T, the Southern (1975) hy­
bridization of phage 2T DNA with the tomato Inhibitor II cDNA was carried out 
using standards methods (Maniatis et al., 1982). DNA isolated from the amplified 
phage 2T was digested with restriction endonucleases and the fragments were sep­
arated by electrophoresis on agarose gels. Electroelution of DNA fragments were 
carried out according to the methods of Maniatis et al. (1982). After electrophoresis 
through a 1% agarose gel, the band of interest was visualized with a hand held UV 
light and was carefully cut out of the gel with a razor blade. Care was taken to 
remove as much of the agarose gel as possible but still leave the DNA band. The 
small agarose gel fragment containing the DNA band was transferred to a dialysis bag 
and filled with 0.1 x TAB. After immersing the dialysis bag into the electrophoresis 
apparatus, electric current was applied at 400-500 V for 5-10 min. The electroeluted 
DNA fragment was purified by sequential extraction with phenol, phenol/chloroform 
(50:50), and chloroform, precipitated with ethyl alcohol and dried under vacuum. 
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The electroeluted restriction fragments of a 2.6 kb Hindlll/Hindlll and a 3.4 
kb Hindlll/PstI inserts were cloned into appropriate sites of the phagemid vector, 
pUCllS (Vieira and Messing, 1987) to create the plasmids pRT106 and pRT119, re­
spectively. The plasmid pRTl06 contained the full promoter and the amino terminal 
half of the structural gene and the plasmid pRT119 contained the full terminator 
and the carboxy terminal half of the structural gene. In addition to these plasmids, 
a 1.5 kb Xbal/Sphl fragment of phagelambda 2T also cloned into pUCllS to make 
the plasmid pRT141. The plasmid pRT141 contains half of the promoter, the full 
structural gene, and a part of the terminator. See Appendix for plasmid structures. 
Restriction endonucleases, Clal, Xbal, TaqI, Hpall, Ddel, Sau3AI, Rsal, AccI, Nsil, 
and SphI, were utilized to subclone small fragments (approximately 200 bp) of pin2T 
into appropriate restriction sites of phagemid vectors (pUCllS and pUCll9) for the 
sequence analysis. 
Preparation of single strandedi DNA template and DNA sequencing 
Single stranded DNA (ssDNA) templates were prepared using the method of 
Vieira and Messing (1987). When the transformed E. coli TGI were in early log 
phase, the helper phage M13KD7 was inoculated into these culture and grown for 45 
min at 37°C. The cells (200 /xl) were transferred into the fresh medium and grown 
for an additional 16 h at 37°C. The phage particles were precipitated by addition 
of 2.5 ml 20% polyethylene glycol, 2.5 M NaCl solution. From the phage particles, 
single stranded DNAs were extracted sequentially with an equal volume of phenol, 
phenol/chloroform (50:50), chloroform, and ethyl ether. Isolated single stranded 
DNAs were examined on 1% agarose gel including the single stranded DNA forms of 
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M13K07 phage and pUCllS with no inserts as controls to verify the presence of the 
inserts in the phagemid. Sequence analysis was performed on single stranded DNAs 
using the dideoxy chain termination method (Sanger et al., 1977). M13 pentadecamer 
(-20 and -40) primers and DNA pollK were utilized for sequencing studies. Primers 
of 21nt and 26nt, which were used for the site-directed mutagenesis of •pin2T (see 
Table 2.3), also utilized for DNA sequence analysis. 
Site-directed mutagenesis 
Site-directed mutagenesis was carried out according to the manufacturer's di­
rections (Amersham RPN 2322). Mutagenesis primers were synthesized at the Iowa 
State University Nucleic Acid Facility using a Biosearch 8750 DNA synthesizer and 
purified on a Vydac C4 HPLC column. Oligonucleotides used in site-directed muta­
genesis are shown in Table 2.3. Single stranded DNA was prepared from sub cloned 
phagemids as described in the above section. Site-directed mutagenesis was by the 
'Eckstein' method (Eckstein, 1986), using a commercial kit from Amersham. 
Insertion of a BgllE site for promoter fusion 
Because there were no convenient restriction enzyme sites in the 5' untranslated 
sequence of pin2T to facilitate construction of the promoter-gene fusions, a Bglll 
site was introduced into this region by site-directed mutagenesis. The sequence 5'-
AGGTAC-3' at 4-26 to -1-31 of the plasmid pRT107 was changed into 5'-AGATCT-3' 
utilizing the 26nt oligonucleotide 5'-ACAATTAATTAGATCTTTGTTTTCTT-3' as 
a mutagenizing primer. This created the plasmid pRT136. The EcoRI/Bglll fragment 
of the plasmid pRT136 was subcloned into EcoRI/BamHI sites of the phagemid 
Table 2.3: Oligonucleotides used in site-directed mutagenesis. 
Primer Primer sequence From To Location 
Bglll 
Nhel 
5'-ACAATTAATTAGATCTTTGTTTTCTT-3' 
5'-GAGGAGTGAAAGCTAGCATGGTTTTT-3' 
5'-AGGTAC-3' 
5'-GCAAGT-3' 
5'- AGATCT-3' 
5'- GCTAGC-3' 
-|-26 to -|-31 
-413 to -418 
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pUCllS to make the plasmid pRT155. The sequence analysis of the plasmid pRT155 
verified the correct sequence of the mutation. 
Construction of promoterless plant transformation vectors 
Because previous work (Thornburg et al., 1987a; An et al., 1989) showed that 
the wound-inducible pm2K terminator was a very efficient plant terminator, a pair 
of promoterless plant transformation vectors with different markers but having the 
pm2K terminator were constructed. In these vectors, the nopaline synthase («os) ter­
minator of the plasmid pBIlOl.l (Jefferson et al., 1987) was replaced with the pm2K 
terminator. To construct the promoterless-GUS transformation vector, the procedure 
outlined in the Figure 2.1 was employed. First, the coding region of the GUS gene 
(BamHI/SstI fragment of the plasmid pBIlOl.l) was cloned into BamHI/SstI sites 
of the phagemid pUCllS to create the plasmid pRT187. Second, the nos terminator 
was deleted from pBIlOl.l by replacing the entire GUS coding region and the nos 
terminator of pBIlOl.l with the GUS coding region alone. The Hindlll/EcoRI frag­
ment of the plasmid pRT187, which contained the coding region of GUS gene, was 
inserted into Hindlll/EcoRI digest of the plasmid pBIlOl.l to create the plasmid 
pRTlSB. Third, the pin2K terminator was inserted into EcoRI site of the plasmid 
pRT188 using a blunt end ligation method. The Xbal/Hindlll fragment of the plas­
mid pRT38, which contained the pin2K terminator (Thornburg et al., 1987a), and 
EcoRI digest of the plasmid pRT188 were electroeluted and treated with E. coli 
pollK in the presence of dNTPs. Ligation of these two fragments created the plas­
mid pRT189. The orientation of the terminator relative to the GUS coding region 
was determined by sequencing through the GUS-terminator junction. 
Figure 2.1: Schematic diagram of the construction of promoterless GUS chimeric 
gene having a pzra2K terminator. GUS indicates the ^-glucuronidase 
coding sequence, tnos, bla, kari^, t-piniK-, and npt are nopaline synthase 
terminator, /3-lactamase gene, kanamydn resistanat gene, pin2K termi­
nator, and neomycine phosphotransferase gene, respectively, kaii^ and 
npt are selectable markers for bacteria and plant transformants, respec­
tively. RB and LB indicate the right border and left border sequences 
of the transferred DNA (T-DNA) from a tumor-inducing (Ti) plasmid 
within Agrobacterium. 
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In addition to the GUS promoterless plant transformation vector (pRTl89), a 
CAT promoterless plant transformation vector was also constructed. For the CAT 
construct, the procedure outlined in Figure 2.2 was followed. First, an 8 bp Bglll 
linker (GAGATCTC) was inserted at filled in Xbal site of pRT38 to create the plasmid 
pRT125. Second, the CAT coding region (BamHI/Bglll fragment of the plasmid 
pGA425) was cloned into the Bglll site of pRT125 to create the plasmid pRTl33. 
Third, the GJJS-tnos portion of pBIlOl.l was replaced with the GAT-tp^j^2K Portions 
of pRTlSS. To accomplish this, the plasmid pRT133 was digested with Hindlll and 
the plasmid pBIlOl.l were digested with EcoRI. After filling in the EcoRI and Hindlll 
overhanging ends with E. coli pollK in the presence of the dNTPs, a subsequent 
digestion with BamHI yielded a pair of fragments with one BamHI site and one blunt 
end. These fragments were combined to make the plasmid pRTl90. The orientation 
of the terminator relative to the CAT coding region was determined by sequencing 
through the CAT-terminator junction. 
Sequence analysis of the promoter-reporter gene fusion junction 
The junction regions between the reporter genes and the pm2K terminator were 
sequenced to confirm the promoter-less plant transformation vectors (the plasmids 
pRT189 and pRT190). For this, SnaBI/Nsil fragment of the plasmid pRT189 was 
sub cloned to Smal/FstI sites of the phagemid pUCllS to create the plasmid pRT215. 
In addition to this plasmid, EcoRI/Nsil fragment of the plasmid pRT190 was also 
sub cloned to EcoRI/PstI digests of the phagemid pUCllS to make pRT216. These 
two plasmids were sequenced using M13 primer (-40). In the Figure 2.3, the detailed 
junction region sequences of the plasmids, pRT189 and pRTl90, were based on the 
Figure 2.2: Schematic diagram of the construction of promoterless CAT chimeric 
gene having a pin2K terminator. CAT indicates the chloramphenicol 
acetyltransferase coding sequence. BB* indicates Bglll/BamHI hybrid 
site in the plasmids pRT33 and pRT190. The other abbreviations are 
same to those of the figure 2.1. 
I Bam'MI 
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sequence analysis of the plasmids pRT215 and pRT216, respectively. 
The 3' end sequence of the plasmid pRT189 contain the GUS coding sequence, 
TAA stop codon, some of polylinker, and pm2K terminator. The pin2Yi terminator 
includes 4 codons, poly A signal (A ATA AG, bold face), and a Nsil restriction site. 
The 3' end sequence of the plasmid pRT190 contains the same structure to that of the 
plasmid pRT189 but utilizes the CAT coding sequence instead of GUS. The entire 
929 nucleotides of pm2K terminator is included in the promoter-less transformation 
vectors. 
Preparation of the pm2T deletion mutants 
Deletion mutants of the pm2T promoter were prepared in the plasmids pUCllS 
or pRT146. The plasmid pRT146 contains a 12 bp Bglll linker (GGAAGATCTTCC) 
inserted into the Hindi site of the phagemid pUCll8. After the insertion of the Bglll 
site at +21, the existing restriction enzyme sites in the pm2T promoter, Clal, Xbal, 
TaqI, Hpall, and Sau3AI, were used to make a deletion mutant series extending 2 
Kb, 963bp, 777bp, 657bp, and 198bp from the transcription initiation site of pm2T, 
respectively. However, the pm2T promoter does not contain an useable restriction 
site between Sau3AI (-198) and HpaH (-657) sites. Therefore, a Nhel site was in­
troduced at -417 by the site-directed mutagenesis. The sequence 5'-GCAAGT-3' 
located at -418 to -413 relative to the transcription start site of the plasmid pRT136 
was changed into 5'-GCTAGC-3' utilizing the 26nt 5'-GAGGAGTGAAAGCTAGC 
ATGGTTTTT-3' as a mutagenizing primer to create the plasmid pRT149 (see Ta­
ble 2.3). The Bglll/Nhel fragment of the plasmid pRT149 was sub cloned into the 
Bglll/Xbal sites of the plasmid pRT146 to create the plasmid pRT159. The sequence 
Figure 2.3: Nucleotide sequence of junction regions between reporter genes and 
pm2K terminator. A part of GUS coding sequence, some of poly linker, 
and pm2K terminator sequence are shown in the promoter-less plant 
transformation vector, pRT189. The pin2K terminator includes 4 
codons, polyadenlation signal (AATAAG, bold face), and the specific 
sequence (CGTGTCTT, underlined). Restriction enzyme sites are also 
shown in bold face. Another promoter-less plant transformation vector, 
pRTl90, has the same structure to those of the plasmid pRT189 except 
a part of the CAT coding sequence. B/B* represents a BamHI/Bglll 
hybrid site made by joining these restriction sites. It cannot be reçut 
by either enzyme. 
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pRT 189 (GUS-Ein2K) 
AAA CCG CAG CAG GGA GGC AAA CAA TGA ATCAACAACTCTCCTGGCGCAC 
Lys Pro Gin Gin Gly Gly Lys Gin *** 
Beta-Glucuronidase 
SstI EcoRI Xbal 
CATCGTCGGCTACAGCCTCG GAATTGCTACCGAGCTCGAATTCTA6AGTCAC CCT 
Pro 
1 polylinker | 
GCA ATG TGA CCCTAGACTTGTCCATCTTCTGGATTGGCCAACTTAATTAATGTAT 
Ala Met *** 
Proteinase Inhibitor II K 
GAAATAAAAGGATGCACACATAGTGACATGCTAATCACTATAATGTGGGCAGCAAAGT 
TGTGTGTTATGTGTAATTACTAATTATCTGAATAAGAAAGAGATCATCCATAATTCTT 
Nsil 
ATCCTAAATGAATGTAACTGTCTTTATAATTATTTAATGAACCAGATGCAT 
pRT 190 (CAT-Pin2Ki 
CAG GGC GGG GCG TAA TTTTTTTAAGGCAGTTATTGGTGCCCTTAT^ACGCCTGG 
Gin Gly Gly Ala *** 
Chloramphenicol Acetyl Transferase 
B/B* 
TGCTACGCCTGAATAAGTGATAATAAGCGGATGAATGGCAGAAATTCGCCGGATCTTC 
CCTAGAGTAC CCT GCA ATG TGA CCCTAGACTTGTCCATCTTCTGGATTGGCCA 
Pro Ala Met *** 
linker j Proteinase Inhibitor II K 
ACTTAATTAATGTATGAAATAAAAGGATGCACACATAGTGACATGCTAATCACTATAA 
TGTGGGCAGCAAAGTTGTGTGTTATGTGTAATTACTAATTATCTGAATAAGAAAGAGA 
TCATCCATAATTCTTATCCTAAATGAATGTAACTGTCTTTATAATTATTTAATGAACC 
Nsil 
AGATGCAT 
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analysis of the plasmid pRT159 verified the correct sequence of the mutation. 
In order to create the other deletion mutants, the plasmid pRTl55, which con­
tained a full length pm2T promoter, was digested first with Hindlll and EcoRI 
endonucleases. Then Hpall, TaqI, and Xbal digests of this Hindlll/EcoRI frag­
ments were subcloned into Accl/Hindlll, Accl/Hindlll, and Xbal/Hindlll digests of 
pUCllS to make the plasmids pRTlSl, pRT152, and pRT153, respectively. (See Fig­
ure 2.4.) In addition to these constructions, the -198 mutant was made utilizing the 
plasmid pRT136. The plasmid pRT136 was first digested with Hindlll and EcoRI en­
zymes to isolate the insert. The isolated Hindlll/EcoRI fragment was then digested 
with Sau3AI. Because Sau3AI also will cut a Bglll site, this allow the preparation of 
the Sau3AI/BglII fragment. The Sau3AI/BglII fragment was subcloned into BamHI 
site of the plasmid pRT146 to create the plasmid pRT154. The plasmids pRTlSl, 
pRT152, pRT153, and pRT154 were also sequenced to confirm that 5' ends of these 
promoter deletion mutants were at the desired site. See Appendix for detailed maps 
of pRTlSl, pRTl52, pRT153, pRTl54, pRTl55, and pRT159. 
BamHI/Bglll fragments of the full length •pin2T promoter (pRTl55) and deletion 
series (pRTlSl, pRT152, pRT153, pRT154, and pRT159) were cloned into BamHI 
site of the plasmids pRT189 or pRT190 to make the plasmids pRTl91, pRT192, 
pRT193, pRT195, pRT196, and pRT198, respectively. The plasmid pRTl94, which 
contains the shortest promoter fragment of pm2T, was made by cloning of the Sau3AI 
digest of the plasmid pRTlSl insert into the BamHI site of pRT189. See Figure 
2.4. In addition to these pm2T-GUS or pin2T-CAT constructions, a pera2K-GUS 
construction (pRT210) was also made by subcloning the Hindlll/BamHI fragment of 
the plasmid pRT24 into Hindlll/BamHI digests of the plasmid pRTl89. The junction 
32 
regions between •pin2 promoters and reporter genes were sequenced to confirm the 
orientation of promoters in constructions. For sequence analysis, double-stranded 
DNA sequencing method (Zhang et al., 1988) was carried out utilizing Tj DNA 
polymerase (US Biochem.). 
Transformation of Agrobacterium tumefaciens 
The chimeric pm2T-GUS and pm2T-CAT genes as well as the pm2K-GUS 
gene were transferred to Agrobacterium tumefaciens strain LBA4404 by freeze/thaw 
direct transformation method (Ebert, 1987). Agrobacterium tumefaciens transfor­
mants were grown on a YEP agar plate containing 50 yLfg/ml kanamycin. Presence 
of the plasmid was determined by a quick-screen method (Ebert, 1987) to confirm 
Agrobacterium tumefaciens transformants. To demonstrate that the constructions 
expressed a functional GUS protein, Agrobacterium tumefaciens cells (100 fil) were 
incubated in the presence of 100 fA of 1 mM 5-bromo-4-chloro-3-indoyl glucuronide 
(X-gluc) solutions at 37° C for 1 h. Figure 2.5 shows the stained Agrobacterium 
tumefaciens transformants as well as an untransformed negative control (tube 1). 
Transformation of Nicotiana tabacum cv. Xanthi 
Sterile cultured tobacco plants were utilized for transformation. They were prop­
agated by node cuttings under sterile conditions. For transformation, leaves of sterile 
tobacco were cut into small pieces, then Agrobacterium tumefaciens cells contain­
ing chimeric reporter genes were cocultivated with leaf pieces for 2 days. After 
bacteria cells were washed away with MS liquid medium, leaf tissues were placed 
on the Murashige-Skoog (MS) medium (Murashige and Skoog, 1962) for selection. 
Figure 2.4; Structure of pm2T-GUS and pm2T-CAT constructions. The 5' deletion 
end points used for this experiments are indicated as numbers on the 
constructions. The restriction enzyme sites introduced by site-directed 
mutagenesis were indicated as the sequence changes on the restriction 
map of pm2T. The sizes of CAT and GUS coding sequence are 0.78 and 
1.88 kb, respectively. 
9 
u 
i ff. 
9 M 
X 
—L. 
V 
9 
N h e l  
- GCA^GT 
GCTAGC I 
B g l l l  
AGGTAC 
AGAVCT 1 M Z 
-963 C A T  pRTt98 
-0-
- 9 6 3  
L_ 
JL. 
-'il 
-657 
I— 
DU Ô3 Ô.3Kbp T 
G US F 
mus-f. 
e u s  f. 
G US J/J: 
EUS F.  
pRT19S 
pKTt93 
pKT192 
g 
pRT19B 
pRT]94 
Figure 2.5: In vivo staining of Agrobacterium tumefaciens. GUS activity displayed 
by Agrobacterium containing pin2-GUS constructs. Tube 1, (-) control, 
untransformed Agrobacterium ; Tube 2, pRT189; Tube 3, pRTl91; Tube 
4, pRTl92; Tube 5, pRT193; Tube 6, pRT194; Tube 7, pRTl95; Tube 
8, pRTl96; Tube 9, pRT210; Tube 10, pBIlOl.l. Agrobacterium cells 
were incubated with X-gluc (1 mM) solution for Ihr at 37°C. 
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Transformed plantlets were selected on MS solid medium containing sucrose (3%), 
kanamycin (200 mg/1), cefotaxime (250 mg/1), 6-benzyl aminopurine (1 mg/1), and 
a-naphthalene acetic acid (0.2 mg/1). Roots were induced in fresh MS medium solidi­
fied with 0.8% agar, which is lacking plant hormones. They were grown at 28° C under 
3000 lux light for 12h/day and 12h/night for 2 or 3 weeks. Regenerated plantlets 
were transferred to small peat pellets (Jiffy Co., Shippegan, Canada) and placed for 
several days in a growth chamber equipped with a humidifier. After 5 to 7 days, 
regenerated plants were transferred to soil pots and grown to maturity in a green­
house. All plants were self pollinated to maintain the transgenic germplasm. Seed 
from these plants was stored at 40°F under 40% humidity. 
Isolation of plant DNA 
Plant DNA was isolated according to the method of Benedich et al. (1980). 
Leaves (approximately 5 g) were washed with distilled water, dried, and ground with 
a mortar and pestle immersed in liquid nitrogen. The powdered leaves were stirred in 
50 ml of extraction buffer (0.3 M sucrose, 50 mM Tris-H CI pH 8.0, 5 mM MgClg) for 
5 min at 4°C, and filtered through 3 layers of miracloth. Crude nuclei were pelleted 
from the filtrate by centrifuging at 350 x g for 10 min. DNA was released from pellet 
in 3 ml of cold lysis buffer (20 mM Na2EDTA, 50 mM Tris-HCl pH 8.0, 1% N-lauryl 
sarcosine sodium salt). CsCl solution (4.5 ml) saturated in 20 mM Na2EDTA and 
50 mM Tris-HCl (pH 8.0) was added and the sample was centrifuged for 30 min at 
17,000 X g. To the supernatant, ethidium bromide solution (10 mg/ml) was added to 
a final concentration of 400 //g/ml and the sample was ultracentrifuged at 106,000 x 
g at 20° C for 24 h. After removal of ethidium bromide with n-butanol, plant DNA 
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was dialyzed against Tris-HCl (10 mM, pH 8.0) and Na2EDTA (1 mM) buffer for 
overnight. Isolated DNAs were stored at -20°C until use. 
Polymerase chain reaction (PGR) 
PGR is a method used to amplify specific DNA sequences (Lassner et al., 1989). 
This method was utilized to confirm the presence of the constructions in the trans­
genic tobacco plants. Three different PGR primers were synthesized at the Nucleic 
Acid Facility (ISU). They corresponded to a conserved region of the pin2T and pin2K 
promoters (5'-GAAGAAGGAAGCGTAAGTAG-3') located at -175 to -156 and -169 
to -150 relative to the transcription initiation site, respectively, a region of the GUS 
coding sequence (5'-GAATTCCACAGTTTTCGCGA-3') located at +74 to +90 from 
the GUS translation start codon (ATG), and a region of the GAT coding sequence 
(5'-CAAGGGTGGTATATGCAGTG-3') located at +15 to +34 from the GAT trans­
lation start codon (ATG). DNA isolated from kanamycin-resistant plants (the first 
generation) was subjected to PGR to amplify the target DNA. The reaction con­
ditions followed published methods (Maniatis et al., 1989); step 1: denaturation of 
DNA at 94°G for 5 min, annealing of primers at 50°G for 2 min, primer extension at 
72°C for 3 min (1 cycle), step 2; denaturation of DNA at 94°C for 1 min, annealing 
of primers at 50°G for 2 min, primer extension at 72°G for 3 min (30 cycles), step 
3: denaturation of DNA at 94° G for 1 min, annealing of primers at 50° G for 2 min, 
primer extension at 72°C for 10 min (1 cycle). PGR products were separated on 
a 1% agarose gel and Southern blot hybridization (Southern, 1975) was carried out 
using the Sau3AI/BglII fragment of pin2T promoter (-198 to +27) as a probe. 
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Preparation of a set of pm2T promoter fragments 
To locate the presence of nuclear proteins that bind to the pin2T promoter, a 
set of small fragments of the pm2T promoter were isolated. Because the nucleotide 
sequence of pm2T promoter is divergent from that of the pin2K promoter upstream 
of -608, three different promoter fragments were prepared that covered the region of 
-657 to +27. To isolate these fragments, the existing Hpall and Sau3AI restriction 
sites and the newly-introduced Nhel and Bglll restriction sites were utilized. The 
sizes of each fragment are 240 bp, 219 bp, and 225 bp for the Hpall/Nhel fragment, 
the NheI/Sau3AI fragment, and the SauSAI/ Bglll fragment, respectively. These 
restriction fragments were sub cloned into the phagemid pUCllS. 
To subclone the Hpall/Nhel fragment, the Nhel/EcoRI fragment of the plasmid 
pRT149 was first sub cloned into the Xbal/EcoRI sites of the phagemid pUCllS to 
make the plasmid pRT163. The Hindlll/EcoRI insert of the plasmid pRT163 was 
then digested with Hpall and the Hpall/Hindlll fragment of the plasmid pRT163 
was sub cloned into Hindlll/AccI sites of the phagemid pUCllS to create the plas­
mid pRT167. The NheI/Sau3AI fragment was isolated from the plasmid pRT159. 
First, the Hindlll/EcoRI insert of the plasmids pRT159 was electroeluted and then 
digested with SauSAI endonuclease. The Sau3AI/EcoRI fragment was subcloned to 
the BamHI/EcoRI sites of the phagemid pUCllS to create the plasmids pRT166. The 
isolation of the Sau3AI/BglII fragment, pRT154, was described above. See Figure 
2.6 and Appendix for detailed constructions. 
Figure 2.6: Preparation of pm2T promoter fragments. XT, TH, HN, NS, and 
SB indicate Xbal/TaqI, Taql/Hpall, Hpall/Nhel, NheI/Sau3AI, and 
Sau3AI/BglII fragments, respectively. The size of each fragment is 
shown as number of base pairs. 
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CAT assays 
CAT activity was determined by a published method (Thornburg et al., 1990). 
Plant tissue (approximately 1 gram) was homogenized in a small plastic bag with 
a hand-held tissue homogenizer in the presence of 1 ml CAT extraction buffer (0.1 
M Tris-HCl pH 8.0, 0.1% cysteine, 0.1% ascorbic acid, 0.5 M sucrose). For calli, a 
Con-Torque tissue homogenizer (Eberbach Co., Ann Arbor, MI) was used. Following 
homogenization the expressed juice was centrifuged for 5 min at 10,000 x g at 4°C 
and the supernatant was recovered for protein analysis by the method of Bradford 
(1976). Bovine serum albumin (BSA) was used for the standard curve. Aliquots of 
the supernatant containing 100 {ig of total extracted leaf protein was incubated with 
25 //11 M Tris-HCl pH 7.8,10 acetyl CoA (4 mM), 1 /zl [14C]-chloramphenicol (spe­
cific activity = 60 mCi/mmol) and water to a total volume of 136 n\ for 1 h at 37°C. 
The reaction product was extracted with 1 ml ethyl acetate and dried under vacuum. 
The dried extract containing [14C]-chloramphenicol and chloramphenicol acetate was 
dissolved with 20 ^1 ethyl acetate and spotted on silica thin-layer chromatography 
plates. Chromatograms were developed in 95% chloroform: 5% methanol. The thin-
layer plates were dried and subsequently exposed overnight to Kodak X-Omat film. 
The radioactive spots corresponding to [14C]-chloramphenicol acetate and unreacted 
[14C]-chloramphenicol were cut out and added to 3 ml of scintillation fluid. The 
radioactivity was measured in a Packard (Tri-Carb 1500) liquid scintillation counter. 
The quantitated data shown are the percent conversion of chloramphenicol into chlo­
ramphenicol acetates. 
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Histochemical GUS assay 
Histochemical localization of GUS activity in situ was performed by incubat­
ing plant tissues at 37°C in a solution of 0.1 M sodium phosphate buffer (pH 7.0) 
containing the chromogenic substrate 5-bromo-4-chloro-3-indoyl /3-D-glucuronic acid 
(1 mM) according to the published method (Jefferson, 1987). To enhance the 0-
glucuronidase action, an oxidation catalyst, ferricyanide/ferrocyanide mixture 
(0.5 mM), and 10 mM Na2EDTA were added to the staining solution. After incu­
bation for overnight, the tissue was fixed in a solution containing 10% formaldehyde, 
5% glacial acetic acid, and 42.5% ethanol for 24 h to remove pigments. After fixing, 
the tissue was washed with 0.1 M sodium phosphate buffer. 
Fluorometric GUS assays 
Protein extraction and fluorometric GUS assay was performed according to Jef­
ferson (1987). Plant leaf tissue (approximately 1 gram) was homogenized in a small 
plastic bag with a hand-held tissue homogenizer in the presence of 1 ml extrac­
tion buffer (50 mM sodium phosphate pH 7.0, 10 mM /3-mercaptoethanol, 10 mM 
Na2EDTA, 0.1% Triton X-100, and 0.1% Sarkosyl). To deactivate proteases, phenyl-
methylsulfonyl fluoride (PMSF) was included in the extraction buffer at a final con­
centration of 25 fig/ml. After centrifugation for 5 min at 10,000 x g at 4°C, the 
supernatant was recovered for protein determination. Protein was quantified accord­
ing to Bradford (1976) using BSA for the standard curve. Aliquots of the super­
natant containing 100 fig protein were incubated with 1 mM 4-methyl-umbelliferyl 
/?-D-glucuronide as a substrate for 12 h at 37°C. The fluorescence of the reaction 
product was measured using a Hitachi fluorometer 2000 (A ex = 365 nm, A em = 
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455 nm). 4-methyl-umbelliferone (4-MU, 1 [iM and 100 nM) were used as standards. 
The data was shown as pmoles 4-MU produced per min • mg protein. 
Preparation of nuclei and nuclear proteins 
Nuclei were isolated as described by Luthe and Quatrano (1980). Unwounded 
and wounded potato leaves as well as potato tubers were homogenized in a blender 
with an extraction buffer (0.44 M sucrose, 2.5% (v/v) Ficoll, 5% (w/v) Dextran 40, 25 
mM Tris-HCl(pH 7.6), 10 mM MgCl2, 10 mM ^-mercaptoethanol, 2 mM spermine, 
0.5% (v/v) Triton X-100, and 0.1 mM PMSF). After homogenization, homogenates 
were sequentially filtered through four layers of cheese cloth and two nylon meshes 
(200 and 50 //m). The filtrates were centrifuged at 4,500 rpm in a Sorvall RC5B 
centrifuge for 5 min and the supernatant was discarded. The crude nuclei pellet was 
washed in an extraction buffer lacking spermine. The suspension of nuclei was then 
layered on a step gradient of Percoll (30%, 60%, and 90%), which had been layered 
over a pad of a 2 M sucrose. The gradients and nuclei were centrifuged in a Sorvall 
HB4 swing bucket rotor for 30 min at 3,000 rpm (4,000 x g). Nuclei, which were 
found at the interface of the 90% Percoll layer and the sucrose pad, were pelleted 
at 500 X g for 1 min in an Eppendorf microfuge. Nuclear proteins were extracted 
from the isolated nuclei according to the published method (Miskimins et al., 1985). 
The nuclei were resuspended in a buffer containing 10 mM Hepes pH 8.0, 50 mM 
NaCl, 0.5% Triton X-100, 0.1 mM Na2EDTA, 1 mM dithiothreitol (DTT), and 5 
mM MgCl2. The suspension was incubated on ice for 60 min and centrifuged at 500 
X g for 10 min. The supernatant was dialyzed against buffer containing 10 mM Hepes 
pH 8.0, 1 mM MgCl2, 1 mM DTT, 50% glycerol, and 50 mM NaCl overnight. Total 
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nuciear protein concentration was determined according to Bradford (1976) using 
BSA as a standard. 
Preparation of labeled DNAs and DNA gel retardation assay 
The Hindlll/EcoRI fragments of the plasmids pRT154, pRT164, and pRT165 
were electroeluted and subjected to the gel retardation assay. Labeling of DNA 
fragments and extraction of labeled DNA fragments were the method described by 
Maniatis et al. (1982). DNA fragments were radioactively labeled by an end-filling 
reaction with [32P]-dCTP and E. coli pollK. The reaction mixtures were run on a 
4% polyacrylamide gel and was exposed to the Kodak X-Omat film. The labeled 
fragments were eluted with 0.5 M ammonium acetate and 1 mM NagEDTA (pH 8.0) 
at 37° C for overnight. After centrifugation at 10,000 x g for 10 min, ethyl alcohol was 
added to the supernatant to precipitate labeled DNAs. Labeled DNAs were dried 
under vacuum and stored at -20° C until use. 
DNA gel retardation assays were performed according to method of Singh et al. 
(1986). Binding reactions were performed in 25 /fl volumes. The radioactively labeled 
DNA fragment and nuclear protein (1.5 /ig) were incubated in the binding buffer (10 
mM Tris-HCl pH 7.5, 50 mM NaCl, 1 mM DTT, 1 mM NagEDTA, 10% glycerol, 
and 4.4 fxg of poly(dI-dC)-poly(dI-dC)) at 30°C for 30 min. Reaction mixtures were 
separated by electrophoresis on 4% acrylamide gel in 6.7 mM Tris-HCl pH 7.5, 3.3 
mM NaAcetate, and 1 mM NagEDTA. After electrophoresis, the gel was dried at 
50°C for 30 min and exposed to the Kodak X-Omat film for various times. 
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Preparation of callus from transgenic tobacco plants 
Leaves of transgenic plants were sterilized by sequential washing with 70% ethyl 
alcohol for 2 min, 10% household bleach (0.5% NaOCl) for 15 min, and finally washing 
3 to 4 times in sterile water. Callus was initiated from the transgenic tobacco plant 
by growing sterile leaf pieces on MS solid medium containing 2 mg/1 û-NAA, 0.5 mg/1 
6-benzyl aminopurine (BAP), and 3% sucrose according to the procedure of Kernan 
and Thornburg (1989). This procedure produced light yellow, friable, rapidly dividing 
calli. Transformed calli were maintained in an illuminated incubator set to 16 h days 
at 26°C and 8 h nights at 18°C. 
Application of inducers on transgenic tobacco plants 
Sucrose, fructose, glucose, and maltose solutions were prepared in distilled water. 
ABA (10 mM) was solubilized in ethanol and diluted with sterile water up 100 ^M. 
These chemicals were applied to plants through cut petioles of detached leaves. Using 
a single clean cut of a razor blade to detached leaves is known to minimize induction 
of the wound inducible pin genes (Walker-Simmons and Ryan, unpublished data). 
Transgenic tobacco leaves were therefore removed from the plant with a single clean 
cut of a razor blade and the petiole was immersed in the solution. a-Naphthalene 
acetic acid (a-NAA) was dissolved in 0.1 N HCl (pH 7.0) and added to MS solid 
medium at 2 mg/1 with 0.5 mg/1 6-benzyl aminopurine and 3% sucrose. Calli were 
plated onto media in the presence and absence of a-NAA as previously described 
(Kernan and Thornburg, 1989). 
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CHAPTER 3. RESULTS 
Cloning and Sequence Analysis of a Potato Inhibitor II Gene 
Figure 3.1 shows a comparison of the restriction map of the lambda 2T with 
that of the lambda 2K. Lambda 2K contains the wound-inducible potato Proteinase 
Inhibitor IIK gene (pm2K). The regions in the 14.5 kb insert of lambda 2T which 
hybridized to the tomato pin2 cDNA probe spanned the Hindlll site located about 
4.5 kb from the left end of the insert. Because the restriction maps of lambda 2T 
and lambda 2K are totally different from each other, it was reasoned that the lambda 
2T might contain a potato Proteinase Inhibitor II gene (pm2T) that was regulated 
differently from pin2K. Because the phage had not been grown for many months, the 
phage 2T was screened an additional time to ensure the purity of the clone and DNA 
was isolated from the amplified 2T phage. 
The phage 2T DNA fragments were sub cloned into the phagemid pUCllS (Vieira 
and Messing, 1987). The cloned gene was mapped in detail utilizing available restric­
tion endonucleases. Restriction endonucleases recognizing tetranucleotides, for ex­
ample Rsal, Hpall, Sau3AI, or TaqI, as well as hexanucleotides recognition enzymes 
were utilized to subclone small fragments (approximately 200 bp) of the isolated 
DNA into the phagemids pUCllS and pUCll9. Among these enzymes, Rsal was 
most frequently used because this enzyme site was found in six different locations in 
Figure 3.1: Comparison of the restriction maps of lambdaphage 2T and 2K. Both 
arms of charon 4A are shown as streaked boxes. The Inhibitor II genes 
and the direction of transcription are shown as filled boxes and arrows, 
respectively. 
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Figure 3.2; A restriction map of the 14.5 kb insert containing the Inhibitor IIT gene 
and the strategy employed for sequencing. Subclones were prepared in 
phagemids pUCllS and pUC119. Arrows indicate the direction and the 
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Xbal/ Nsil 1.8 kb DNA fragment. Figure 3.2 shows a detailed restriction map of the 
pm2T. The strategy employed for sequencing the open reading frame and flanking 
sequences is also shown. 
The primary structure of the pm2T gene and of its flanking regions was deter­
mined by sequencing the entire Xbal/Nsil fragment of pm2T. From the Xbal/Nsil 
fragment 20 different subclones were prepared which permitted sequencing in both 
directions and read through of all restriction enzyme sites. The 1,777 bp nucleotide 
sequence of pm2T is shown in Figure 3.3. 
5' flanking region of pm2T 
The putative regulatory sequence TATAAA (Efstratiadis et.al, 1980; Heidecker 
and Messing, 1986) is located 24 bp upstream from the transcription start site. In 
addition to this sequence, the pin2T gene contains another typical eukaryotic control 
sequence CAAT (Efstratiadis et.al, 1980), which is located 103 bp upstream from the 
transcription initiation site. This CAAT box, which is usually present about 70 bp 
upstream of the RNA initiation site in most animal and some plant genes (Heidecker 
and Messing, 1986), hcis been known to be an enhancer in the rabbit ^-globin gene 
(Grosveld et al., 1982) and CCAAT-enhancer binding protein was proposed as a 
regulator in cell growth and differentiation in higher animals (Umek et al., 1991). 
The comparison of the nucleotide sequence of pm2T with that of the wound-
inducible pin2K in 5'-flanking region is shown in Figure 3.4. The 5' flanking region 
of the pm2T is highly homologous (91% identity) with that of j?m2K from -767 to 
-1-29 relative to the pm2K transcription start site, except four small deletions shown 
as Al, A2, A3, and A4 in the Figure 3.4. These deletions are located at -221 to -200, 
Figure 3.3: A nucleotide sequence of a 1.8 kb fragment of the Inhibitor IIT gene 
and flanking sequences. The TATA box and polyadenylation signal 
AATAAG are underlined. +1 indicates the site of transcription ini­
tiation in the homologous tomato Inhibitor II cDNA sequences. The 
numbering of the amino acids begins at the amino terminus of the tran­
sit sequence. The nascent protein is assumed to be processed during 
or after synthesis between amino acid residues 25 and 26 to produce 
the mature inhibitor. Arrow indicates the putative cleavage site of the 
transit sequence. 
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so 
TCTAGAACaaATTAACCTAATTTTGAGTTCATATTTTCTGaAATACATGTATCTGAACGTACCaAAATTTGATAACATTC 160 
ATAATATTACAACATAACGTGTATTTAAGTAATTAGATTATATAC7AGTGATATTATTGTAAGTTACCATTAAATAAAAA 
240 
GTTTTGGCCTATGGGCCGaiCCTGGCTCGACCCeGATTAAGCCTCAAGGGCTAAGGGTTTATATGGAITGGGCTTATAAG 
320 
CCTTAGTTTTAAATGAGCTTGAAAAAICATATCCCAACTCTACCCCCAATAATGAArTGGGTTGGGCCGCTCCCATGGCC 
400 
TAAACGACCTGTTTTGACGGCTCTAGTTTAAAGGATAAAAATGAGtTCAAAAGGTGAGTAAAAAGGTATTTTTTAACCAA 
480 
AGAAATGAATAAGGGATATATTraATCCTTTTTCAGATAATTCAAGGATATTTTTAITATTTTTCCTTGTGCAATAATAG 
560 
AGTTCAACTTAASTATCACGTGGACTAAGAAATTGTTGCTGGATGACAATAATTTCAAAAAACCATGCAAGTTTICACTC 
640 
CTCTGTCCAATCATAATTGTCCACTATAIATATTTGAGACCATATTAAGAAACAATAAATAATAAGAATGAIA'TTACTGT 
720 
ATTACTTTTTGAATATATTAAATTTAAIGCATTTGAAAAATATATTTGATATTAAATAGTCTCTAATAGCAAGGATAAAA 
SCO 
TAGACACAAAACrrrtCAAGTTAGACAAGTATATCGGACATCTAAAGATC&GAIGGAGAGAGTAATAAAGAAGAAGCAAG 
880 
CGTAAGTACATTGCCAAACTAATTATACTGGCAAGCACATCrTTCTTTCTTTTrrTATCaATTAATAAAAATAATATATA 
960 
CTAATATGAAGAAAAAaAAAGTTTTATTTTGCTATCTTTTTTATCACTCGTTAGCTATAAATAGCTAGAGGAGGACAGAC 
+1 1032 
ACTCTTCACCCCAAAACTAAAAGAAAACAAGGTACTAAITAATTGTCCATA AT6 GCT GTT CAC AAG GAA GTT 
Met Ala Val His Lys Glu Val 
1100 
ACT TTC GTT GCT TAC CTA CTA ATT GTT CTT G GTGAGATTTTCCTCTACTCTTTTTTTTTTTTAGAARA 
Ser Phs Val Ala Tyr Lau Leu lie Val Lau G— 
™ IITS  
AATAATAATAAAAATTCTTGGTTTTAGATACACAAGTAGTTTTATGTi"i"fr'i'ACTTAATATATATAITTCTTGTAG GA 
I -ly 
I 1238 
ATG TTT CTA TAT GTT GAT GCT TTG GGT TGT ACT AAA GAA TGT GCT AAT CTT GGC TTT GGG 
Met Phe Lau Tyr Val Aap Ala Lau Gly Cya Thr Lva Glu Cya Cly Aan Leu Gly Phe Gly 
" 1298 
ATA TGC CCA CGT TCA GAA GGA AST CCG ACA AAT CCC ATA TGC ATC AAT TGT TGC TCA GGC 
lie Cvs Pro Arg Ser Glu Gly Ser Pro Thr Aan Pro He Cya He Aan Cya cys Ser Gly 
* 13S8 
TAT AAG GGT TGT AAT TAT TAT ACT GCT TTC GGC AGA TTT ATT TGC GAA GGA GAA TCT GAC 
Tyr Lva Gly Cya Aan Tyr Tyr Ser Ala Phe Gly Arg Phe He Cya Glu Gly Glu Ser Aap 
" 1418 
CCA AAA AAC CCA AAA GCT TGC CCC CTA AAT TGT GAT ACA AAT ATT GCC TAT TCA AGA TGT 
Pro Lva Aan Pro Lya Ala Cya Pro Leu Aan Cya Aap Thr Aan He Ala Tyr Ser Arg Cya 
* 14T8 
CCT CGT TCA GAA GGA AAA TCG CTA ATT TAT CCC ACT GGA TGT ACC ACA TGC TGC ACA GGA 
Pro Ser Glu Gly Lya Ser Leu He Tyr Pro Gly Cya Thr Thr Cya Cya Thr Gly 
TAC AAG GGT TGC TAC TAT TTC GGT ACA AAT GGC AAG TTT GTA TGT GAA GGA GAA ACT GAT 
Tyr Jfjga Gly Cya Tyr Tyr Phe Gly The Aan Gly Ljra Phe Val Cya Glu Gly Glu Ser Aap 
GAA CCC AAG CCA TAT ATG TCC ACA GCA TAA GGCATCAATAATATGCGTTGTAGTTTTTAATTAGTAATGT 
Glu Pro Lya Pro Tyr Met Ser Thr Ala ••• 
lagg 
ATGAATAAAAGCATGCACACATAATGACATGCTAATCACTATAATGTGTGGGCATCAGAGTTGTGTGTTATGTGTAATTA 
1768 
AACTATTATCTGAATAAGAAAGAGATCATCCATAATTCTTATCCTAAATGAATGTCAACTGTCTTTATAAITATTTAATG 
1777 
AACCTGCAT 
Figure 3.4: Comparison of nucleotide sequence of the 5' flanking region of pin2T 
with that of pin2K. The TATA boxes are underlined and +1 indicates 
the site of transcription initiation in the homologous tomato Inhibitor 
II cDNA sequences. The translation start codon (ATG) is also shown. 
The deleted regions of pm2T are shown as Al, A2, A3, and A4. As­
terisks between the sequences indicate regions of homology. Gaps were 
introduced for best fit of alignment. The restriction enzyme sites are 
underlined and labeled. 
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•964 Rsal -900 
TCnCâACAaATiaACCIKAïaiTiamTTCAIKiTnVlXaAAaACAIGIMCTOAaCOiaCCAAaAmOAiaAOATIC 
Xbal 
AiaAiAiiAcaAcaaAACoau'rATTTAxaaAiamaiiMxmcHioioMM.iATiQiAjmiiAccAiiaAaiaAaAA 
-SCO TaqJ 
OXTIIOOCCXAiaaOCCOAXCCXaOCTOgiCCCCGAXSMOCCXCAAOOaCZAMaGXXXAXAIGOASiaOGCTXATAAO 
**•••••  *•*» •  
«ccaccc AAXTCA 
-esn'aqi 
-700 Hpmn 
CCrJiAHri'l'TAAAIOAOCTTOKAAAAICMATCCCAACTCIACCCCCXAIAAIOJUMTaqqigOOGCCOgrCCCAIaflGC 
•  * •  * * * •  • • • •  •  
MMMUlClUHJXU'CAIIKM.'JJU.'JIAl'TTT'l'UCAOClUUtAIflMUMt'l'l'A'X'ilAOTI&COATOAlAAMlICT 
I&AACOACClVriTi'iWlCaOC'WrAU'i'TZAMOOAmUUUlAIQAi A4 
•» ••• •• • ****** * 
CXXCCACCACCCJUUUCXIIAaTCITCCMXTCJUaAMMICAXiaXnCMCXCXTaaAXTXOXXTGXAIOXXSIOT 
-800 
-600 
IZAOMaOlQAMIOaSXXXJUUUUlSnUUlXXMAXaaraXXXIZ AACXMAOAMSQUXaCGOGAXAiairXXA OT 
-700 
500 Ddel 
mXTCAOAXXAnCAiiOOAXAXXIIXUSAIITITCCIIOIGCMIMSASltaSX CMCIIAASXATCACOiaOAS 
Scpl -600 
UgAMXXeXIOCXaOMQACAAXAAXXXCAAAXMC CaW- A3 
AIMlQAAACCQAXaCiaOftKaTMAXZXSIXMXAAAACACMacXAeXCOOaOICAagSKaCXTGCXGAAX&aOAOAA 
Rial 500 
-400 
-«TOClUUlXTXICACXeCXCXaTCaUICAXaiAXXeiCCXCXAXAXAXAIXTQAO 
AIXAAAaAXACCUCCIU3<»AAA6IZAAa AOCIIXIOaCICCXCCOICaUkXXBXAACCSICCACZAXRXAXAXXTaAO 
-300 
aereBmnTOAOiuuicnaTMUnium»KHum»i>in3icT]>miAccmnnB»»TitTiumuuniiA»ioc ITISAA 
HinH -400 
AXAXASAXIIQAXAZSlUUaJWXCICXMXMIC AAOWTMUUMKOKOCMUU»- &2 "CTT 
•3oaFnii4HI 
-200S>U3AI 
XXCJkMXXlUlACMUIXJkX «XCCMJACAZCX*- 61 «AAAggXS<X»XOOJlOAOAGIAXXAXAaA 
I CMUZTXffilCMeSAXXaXCaQACAieXXCIXSXMZATMnMUlCJUUIZlUUigilSOOAIAMOAGAOXAAXMAQJl 
-200 StIlSAI 
Rsal -100 
TXXAXRA 
itB»»flr»inr<muflgccTTacc»A>Anuaia acxucuocmjocsxx iTiTiTiTiiAicjuwKoaaAiAA 
Rial Sçl -too 
AMmuiMAnciAAiapaMWUuuuiuuuiiTirixm'i'uciAiur'iTxu'jaicKCTcoTTKOci^aA^aqoiAo 
ScU 
+1 Ral 
AOaMMUlCftOAaVCXCIICACCCCMAACXMUUIOMMCXAO gBSEMTXKAXSOICCMn AIO £^22 
Mm>fl«Mica<ae*cTCTTc*cccciuummm*aoAMuuo»oocMnnc!BuimuaTMCcc»ic ASO cia^x 
+1 Sal Mot 
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-273 to -254, -526 to -462, and -759 to -708 relative to the pin2K. transcription start 
site. 
In addition to the four larger deletions, there are also three smaller insertion/ 
deletion regions of difference between pm2T and pm2K. They are located at -106 to 
-104 and -297 to -295 relative to the-transcription start site of pm2K and at -120 
to -117 relative to the transcription start site of pm2T. The sequence AGC is dupli­
cated in pm2K (5'-AGCAGC-3' at -294 to -300) and once in pin2T (5'-AGC-3' at 
-255 to -257), while the sequence CTTT is duplicated in pm2T (5'-CTTTCTTT-3' 
at -117 to -124) and once in pin2K (5'-CTTT-3' at -120 to 123). These variations 
are reminiscent of 'transposon footprints' that are caused by the movement of plant 
transposable elements (Gierl et al., 1989; FedorofF, 1989). Similar footprint patterns 
have been found at six different locations in the comparison of maize wx gene se­
quences between (wild type) and wx — m5::Spm-I8 (mutant) (Schwarz-Sommer 
et al., 1985). These footprints were presumed to arise by the excision of the trans­
posable elements at the wx locus in the wx — m8 mutant. Thus, some of the small 
deletions in proteinase inhibitor promoters may have arisen because of past visitations 
by endogenous potato transposable elements. 
Potato Inhibitor IIT open reading frame 
The gene open reading frame is composed of two exons separated by a single 
113 bp intron. The exon-intron junction obeys the GT-AG rule (Breathnach et 
al. 1978; Brown, 1986), in which intron sequences usually start with GT and end 
with AG. The intervening sequence is more A-T rich (81%) than other introns of 
plant genes (60-77% in phaseolin gene of French bean), which is much higher than 
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that observed for nonplant species (47%) (Slightom et al, 1983). The nucleotide 
sequence around translation initiation codon, CATA ATG GCTG, agrees well with 
the consensus sequence (A/C XX ATG G) proposed for translation initiation sites 
in other eukaryotic genes (Kozak, 1981). 
The deduced amino acid sequence of pin2T indicates that it is initially trans­
lated with a sequence of 147 amino acids. This is 7 amino acids shorter than the 
open reading frame of •pin2K. Of these 147 amino acids, the first 25 translated amino 
acids (30 amino acids in pzra2K), apparently function as a signal sequence (von 
Heijne, 1983) to facilitate transport of the mature protein into the vacuole where it 
is stored (Walker-Simmons and Ryan, 1977). The Inhibitor II protein is known to 
be synthesized as a preprotein. The signal sequence is thought to target the mature 
Inhibitor II protein to the vacuole (Nelson and Ryan, 1980). The N-terminal region 
of the Inhibitor IIT protein is assumed to be processed post-translationally between 
amino acid residues 25 and 26 to produce the mature inhibitor. The signal sequence 
maintains cleavage specificity with (-3, -1) rule (von Heijne, 1983), in which it must 
have small, neutral residues in positions -3 and -1 (counting from the cleavage site 
between positions -1 and 4-1) but are rare in -2. In the case of the Inhibitor IIT 
open reading frame, Ala and Val are for amino acid residues in positions -1 and -3, 
respectively. In addition to this (-3, -1) rule, the signal sequence of Inhibitor IIT 
contain charged residues near both termini of its sequence (in positions 5, 6, and 24). 
Figure 3.5 shows that the prelnhibitor IIT contains an extended hydrophobic core in 
the signal peptide. This hydropathy plot (Kyte and Doolittle, 1982) clearly demon­
strates that the amino terminal segment contains a hydrophobic domain. Therefore, 
signal sequence of Inhibitor IIT seems to be fit very well to the general properties of 
Figure 3.5: Hydropathy plot of the amino terminal portion of Inhibitor IIT. Amino 
acid residues for (-3, -1) rule are marked as asterisk and charged residues 
are underlined in the signal sequence. The arrow indicates the putative 
cleavage site of the signal sequence. The mature protein begins at Leu 
26. 
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known signal peptides. 
The entire pre-Inhibitor IIT amino acid sequence exhibits approximately 80% 
identity with deduced amino acid sequences from other Inhibitor II genes. The major 
difference lies at the carboxy terminus and in the length of the signal sequence, in 
which an insertion or deletion of 15/18 bp caused a change of 5/6 amino acids between 
this group of proteins. The 5/6 additional amino acids present in the potato or 
tomato genomic Inhibitor II sequence are all hydrophobic and would probably have 
little effect on the function of the signal peptide. Figure 3.6 shows the comparison of 
the deduced amino acid sequences of the potato Inhibitor IIT with those of the other 
deduced Inhibitor II protein sequences. 
Potato Inhibitor IIT protein, like other Inhibitor II proteins, consists of two 
domains that share about 50% amino acid identity. However, these domains differ 
in their active site Pi-Pj' residues (Schechter and Berger, 1967). The active site 
Pi-Pi' at amino acid residues 30 - 31 of the Inhibitor IIT protein for domain 1, is 
Lys-Glu, and amino acid residues 87 - 88 for domain 2, Leu-Asn. Figure 3.7 shows 
the comparison of internal homology within the Inhibitor IIT amino acid sequence. 
The boxed regions indicate the amino acid identity with each other in two domains. 
The common rules for inhibitory sites have been proposed by Kowalski and 
Laskowski (1972) in which inhibitors with Pi Lys and Arg tend to inhibit trypsin and 
trypsin-like enzymes, and those with Pi Tyr, Phe, Leu and Met inhibit chymotrypsin 
and chymotrypsin-like enzymes. According to these common rules for inhibitory sites, 
the inhibitory site in domain 1 would be specific for trypsin-like proteases, while in 
domain 2, the inhibitory site is specific for chymotrypsin-like proteases. This 'double 
headedness' is typical for members of both the Inhibitor II family (Ryan and H ass. 
Figure 3.6; Comparison of the deduced amino acid sequence of the potato Inhibitor 
IIT with those of the other inhibitors. The single letter amino acid code 
is used. The identity between inhibitors is indicated by bold face. The 
putative cleavage site of the transit sequence is shown with a arrow. 
Gaps were introduced for best fit of alignment in the transit sequence. 
Active site at Pi is shown by an asterisk in both domains. All of 16 
cysteine residues are underlined. The amino acid sequences of 7247, 
PI-IIK, PI-II, cDNA 1, and GTI2-P are from Graham et al. (1985b), 
Thornburg et al. (1987), Keil et al. (1986), Sanchez-Serrano et al. 
(1986), and Fox (1986), respectively. 
10 20 30^ * 40 50 
PI-IIT MAVHKEVSFVAYLLIVL6MFLY VDALGCTKEC6NLGFGICPRSE 
T247 MAVHKEVNPVAYLLIVLGMFLY VDAKACTRECGNLGFGICPR8E 
PI-IIK MDVHKEVNPVAYLLLVL6LLVLVSAMD VDAKACIRECGNL6PGICPRSE 
PI-II MDVHKEVNFVAYLLIVL6LLVLVSAMEHVDAKACTLECGNLGP6ICPRSE 
CDNA 1 MDVHKEVNPVAYLLIVLGLLVLVSAMEHVDAKACTLECGNL6PGICPRSE 
GTI2-P MAVHKQVSPI1AYLLLVLGLLLLVSAVEHVDAKPÇTKEÇ6HLGPGIÇPRSE 
P, (Domain I) 
60 70 80 90 * 100 
PI-IIT GSPTNPICINCCSGYKGCNYYSAFGRPICEGESDPKNPKACPLNCDTNIA 
T247 GSPLNPICINCCSGYKGCNYYNSF6KPICEGESDPKRPHACTFNCDPNIA 
PI-IIK GSPENPICTNCCAGYKGCNYYSANGAPICEGQSDPKKPKACPLNCDPHIA 
PI-II GSPENRICTNCCAGYKGCNYYSANGAPICEGQSDPKKPKACPLNCDPHIA 
cDNA 1 GSPENPICTNCCAGYKGCNYYSAN6APICEGQSDPKKPKACPLNCDPHIA 
GTI2-P GSPONPICTNCCAGFKGCNYYSAHGTFICEGOSDPRNPKACPRNCDPHIA 
P^ (Domain II) 
110 120 130 140 150 
PI-IIT YSRCPRSEGKSLIYPTGCTTCCTGYKGCYYFGTNGKFVCEGESDSPKPYM 
Tgé? YSRCPRSQGKSLIYPTGCTTCCTGYKGCYYFGKDGKFVCEGESDEPKANM 
PI-IIK YSKCPRSEGKSLIYPTGCTTCCTGYKGCYYFGKDGKFVCEGESDEPKGNM 
PI-II YSKCPRSEGKSLIYPTGCTTCCTGYKGCYYFGKNGKFVCEGESDEPKANM 
CDNA 1 YSKCPRSEGKSLIYPTGCTTCCTGYKGCYYFSKNGKFVCEGESDEPKANM 
GTI2-P YSKCPRSGGKTFIYPTGCTTCCTGYKGCYYFGKDGKFVGEGESDEPKVCY 
PI-IIT STA 
Tgé? YPVM 
PI-IIT YPVM 
PI-II YPAM 
CDNA 1 YPAM 
GTI2-P YPGM 
Figure 3.7: Alignment of the trypsin domain (Domain I) with the chymotrypsin 
domain (Domain II) of the Inhibitor IIT protein sequence. The single 
letter amino acid code is used. The signal sequence is shown above the 
alignment of two domains. The amino acid sequences are aligned such 
that the conserved cystein residues show maximum homology. Gaps 
were introduced for best fit of alignment. The N-terminal domain is 
labeled Domain I while the C-terminal domain is labeled Domain II. The 
boxed regions indicate the homologous sequence between two domains. 
Labeling of inhibitory site amino acid residues is indicated (P5-P3). 
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1980) and the Bowman-Birk family (Ikenaka and Odani, 1978) of proteinase inhibitors 
from plants. Both the Inhibitor II and Bowman-Birk families contain two inhibitory 
domains, although these two families are unrelated. 
Potato Inhibitor II family is known to inhibit both chymotrypsin-like and trypsin-
like proteinases from either animal or microbial origin (Ryan, 1973). The comparison 
of the reactive sites in potato Inhibitor II family indicates that three subgroups are 
present in this family (see Table 3.1). These subgroups are differentiated by the 
inhibitory sites. All possible combinations of Inhibitor II have been identified. A 
tomato Inhibitor II genomic clone (Fox, 1986) has two trypsin inhibitory sites. A 
potato gene (Keil et al., 1986) and its cDNA (Sanchez-Serrano et al., 1986) have 
two chymotrypsin inhibitory sites. The remainder of the Inhibitor lis that have been 
identified including both pm2K and pm2T have one trypsin inhibitory site and one 
chymotrypsin inhibitory site. 
In addition to the full sized Inhibitor II proteins, there also exist in potatoes 
and tomatoes several small molecular weight polypeptides that have homology with 
Inhibitor II. These small proteins were first isolated from potato tubers (Hass et al., 
1982). The potato polypeptide trypsin inhibitor, PTI (MW. 5,100), exhibits 82% 
amino acid homology with a sequence from the middle of the Inhibitor IIT protein, 
whereas the potato polypeptide chymotrypsin inhibitor, PCI (MW. 5,400), shows 
84% homology with the Inhibitor IIT protein. Figure 3.8 shows the alignment of 
the deduced amino acid sequence of pm2T with the amino acid sequences of PTI 
and PCI. PTI and PCI do not dimerize like Inhibitor II and thus exist as single 
monomeric subunits (Pearce et al., 1982). Because PCI and PTI represent only half 
the sequence of the Inhibitor II, they contain only a single inhibitory site at amino 
Table 3.1: Comparison of the active sites of double-headed proteinase inhibitors in 
potato Inhibitor II family 
Plant Gene Active Site 
P,P3P2P,P;P^P^P,' 
Active against Reference 
Solanum tuberosum 
cv.Russet Burbank 
pin 2T 
(Genomic) 
G C T K E C G N  
A C P L N C D T  
Trypsin 
Chymotrypsin 
this work 
Solanum tuberosum 
cv.Russet Burbank 
pin2K 
(Genomic) 
A C I R E C G N  
A C P L N C D P  
Trypsin 
Chymotrypsin 
Thornburg 
et al., 
1987a 
Solanum tuberosum 
AM 80/5793 
pin2 
(Genomic) 
A C T L E C G N  
A C P L N C D P  
Chymotrypsin 
Chymotrypsin 
Keil 
et al., 
1986 
Solanum esculatum 
L.var.Bonnie Best 
T247 
(cDNA) 
A C T R E C G N  
A C T F N C D P  
Trypsin 
Chymotrypsin 
Graham 
et al., 
1986 
Lycopersicon 
esculentum 
GTI2-P 
(Genomic) 
L C T K E C G H  
A C P R N C D P  
Trypsin 
Trypsin 
Fox, 
1986 
Solanum tuberosum 
var.Aula 
pin 2 
(cDNA) 
A C T L E C G N  
A C P L N C D P  
Chymotrypsin 
Chymotrypsin 
Sanchez-
Serrano et 
al, 1986 
Figure 3.8: Alignment of the deduced amino acid sequence of with the amino 
acid sequences of polypeptide trypsin inhibitor (PTI) and polypeptide 
chymotrypsin inhibitor (PCI). The single letter amino acid code is used. 
The identity between the two inhibitors is indicated by asterisks. The 
symbol, represents the stop codon of the Inhibitor IIT. 
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10 20 30 40 PI-II T MAVHKEVSFVAYLLIVLGMFLYVDALGCTKECGNLGFGIC 
inhibitory 
site 
50 60 70 80 PI-II T PRSEGSPTNPICINCCSGYKGCNYYSAFGRFICEGESDPK 
*** *** ********** * ***** **** 
PCI PICTNCCAGYKGCNYYSANGAFICEGQSDPK 
************************* **** 
PTI RICTNCCAG:J^GCNYYSANC|^FICEGESDP^ 
90 100 110 120 PI-II T NPKACPLNCDTNIAYSRCPRSEGKSLIYPTGCTTCCTGYK 
********* **** **** 
PCI KPKACPLNCDPHIAYSKCPRS 
* ** *** ****** * 
PTI NPNVCPRNGDTNIAYSKC|JR 
inhibitory 
site 
130 140 147 PI-IIT GCYYFGTNGKFVCEGESDEPKPYMSTA# 
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acid 38. In both small inhibitors, the active site corresponds to the second active site 
(amino acid 87) of the Inhibitor IIT. It is thought that the small molecular weight 
PCI and PTI may be derived from Inhibitor II by the action of plant proteinases. 
3' flanking region of pin2T 
The pin2T nucleotide sequence in this region is almost identical (87% identity) 
with that of pin2K except for several small gaps (1 to 2 nucleotides) between the stop 
codon (TAA) to +287 where all homology abruptly ends and sequences diverge after 
that. Figure 3.9 shows the nucleotide sequence comparison of pin2T with pin2K and 
the tomato Inhibitor II cDNA in 3' flanking regions. 
A presumptive polyadenylation signal, AATAAG, (Rosenburg and Court, 1979; 
Joshi, 1987) is located 133 bp downstream from the translation stop codon (TAA). 
Based upon the homology with the tomato Inhibitor II cDNA clone, we observe that 
the sequence AATAAG is present 16 nucleotides upstream of the poly A addition 
site. While most plant genes use AATAAA for the polyadenylation signal (Joshi, 
1987), AATAAG has been found in several plant genes. Inhibitor I (Lee et al., 1985; 
Cleveland et al., 1987) and IIK (Thornburg et al., 1987a) genes, zein gene of maize 
(Hu et al., 1982), leghemoglobin gene of soybean (Brisson and Verma, 1982), lectin 
gene of castorbean (Hailing et al., 1985), and extensin gene of carrot (Chen and 
Varner, 1985). 
In addition to the polyadenylation signal, other 3' czg-acting regulatory elements 
involved in eflBcient gene expression were identified by the deletion analysis of the 
wound-inducible pin2K terminator region (An et al., 1989). Both transient and 
stable transformation analyses of the deletion mutants in the 3'-flanking sequence 
Figure 3.9: Comparison of nucleotide sequence of the 3' flanking region of pm2T 
with those of pin2K and tomato Inhibitor II cDNA. The stop codon is 
shown in bold face. The nucleotide sequences from the stop codon to 
+450 are shown. The polyadenylation signals (AATAAG) are under­
lined and Nsil restriction sitse are in bold face. Arrow indicates the site 
of polyadenylation in the homologous tomato Inhibitor II cDNA. The 
conserved sequence (CGTGTCTT) of pin2K is double underlined. As­
terisks between the sequences indicate regions of homology. Gaps were 
introduced for best fit of alignment. The tomato Inhibitor II cDNA 
sequence is from Graham et al. (1985b). 
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pin2T TAA GGCATCAATAATATGCGTTGTAGTTTTT AA 
* * * * * * *•* * * ** ** 
piJl2K TGA CCCTAGACTTGTCCATCTTCTGGATTGGCCAA 
***  *  *************************  ****  
CDNA TGA 
GT 
* 
TTAGTAATGTATGAA 
*  *  ***********  
TAATTAATGTATGAA 
***************  
CTCTAGACTTGTCCATCTTCTGGATTGCCCAAAATTAAGTAATTAATGT|^TGAA 
pijl2T 
pin2K 
cONA 
piii2T 
pin2K 
cDNA 
50 
ATAAAAGCATGCACACATAA 
*******  ************  
ATAAAAGGATGCACACATAG 
****************  **  
TGACATGCTAATCACTATAATGTGTGGGCATCAG 
***********************  ********  
TGÀCATGCTAATCACTÀTAÀTGT GGGCATCAA 
**************  ********  *********  
ATAAAAGGATGCACACTTATATAATGACATGCTAATCATTATAAT '^J' GGGCATCAA 
100 iso i -
AAAGAGATCATCCATAA AGTTGTGTGTTATGTGTAATTACTAATTATCTGAATAAG 
***************  ***********************  ****************  
AGTTGTGTGTTATGTCTAATTACTAATTATCTGAATAAGAGAAAGAGATCATCCATAT 
**************  ***************************  ****  ****  **  
GTTGTGTGTTATGTGTAATTACTAATTATCTGAATAAGA^^T AuAT ATCCCTAA 
200 
piJl2T TTCTTATCCTAAATGAATGTCAACTGTCTTTATAATTATTTAATGAACCAGATGCATT 
**********************  **************  * **  ****************  
pin2K TTCTTATCCTAAATGAATGTCACGTGTCTTTATAATTCTTTGATGAACCAGATGCATT 
cONA AAAAAAAAAAAAAAAAAAAAAAAAAAAA 
250 
pinZT TTATTAACTAAATCCATATACATAGAA CATTAATCATAGTTAATATCAATTGGGTTA 
********  **  ************  * *  **********  *****************  
pin2K TTATTAACCAATTCCATATACATATAAATATT^TCATATATAATATCAATTGGGTTA 
300 
pii22T GCAAAATGAATTTAGTCCATTATTAATAAGGGGTATCACGGGAGAÀAACTCCCACTGG 
******  ***  *****  *  *  *  *  *  ***  **  *  *  *  *  
pln2K GCAAAACAAATCTAGTCTAGGTGTGTTTTGCTAATTATTGGGGGATAGTGCAAAAAGA 
300 
350 
pin2T AGGGGAGCCAAATTCTATTAGAGCGATTTTTATATATGGTCAGTGGACCGAAGGATTT 
*  *  * * * * * *  *  * *  *  *  * *  
pijj2K AATCTACGTTCTC^TAATTCAGATAGAAAACTTAATAAAGTGAGATAATTTACATAG 
400 
pia2T TATGAATAAACCTTATCCTTAAAAAGATTTTAGATAATATGTCTTGTCATGTCTAGGC 
* * *  * * * * * *  * *  *  * * * *  *  *  *  
piil2K ATTGCTTTTATCCTTTGATATATGTGAAACCATGCATGATATAAGGAAAATAGATAGA 
 ^ 400 
pin2T 
pia2K 
450 
CATGTT 
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indicated that about 100 base pair of DNA surrounding the polyadenylation site was 
essential for the efficient gene expression. One particular sequence in pzn2K gene, 5'-
CGTGTCTT-3', located at +182 to +191 relative to the termination codon (TGA), is 
similar to a conserved sequence (5'-YGTGTTTT-3') found near the polyadenylation 
site in 46 different plant genes (Joshi, 1987). The pm2T terminator also contains 
a similar sequence 5'-ACTGTCTT-3' at +178 to +185 relative to the termination 
codon (TAA). Thus, the pm2T gene contains the known regulatory signals that are 
found in other plant genes. 
Construction of Chimeric Genes and Transformation of Plants 
In order to map the controlling regions in pm2T promoter, full length promoter 
and deletion mutants were linked to the promoterless plant transformation vectors 
containing GUS or CAT coding sequence and the pm2K terminator. See Materials 
and Methods for details of construction. 
Sequence analysis of the promoter-reporter gene fusion junction 
The junction regions between the pm2T promoter and the reporter genes were 
sequenced to confirm the correct orientation of the pin2T promoter in these con­
structions. The sequencing primers for this sequence analysis are from GUS and 
CAT coding sequences. These primers are 5'-GAATTCCACAGTTTTCGCGA-3', 
which is located at +74 to +90 from the translation start codon (ATG) of the GUS 
coding sequence, for pm2-GUS constructions and 5'-CAACGGTGGTATATCCAGT 
G-3', which is at +15 to +34 from the translation start codon of the CAT coding 
sequence, for pm2-CAT constructions. Figures 3.10 and 3.11 show the example of 
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autoradiograms of these sequenced regions and detailed sequences of junction regions, 
respectively. All of the constructions shown in Figure 2.4 were sequenced through 
the promoter-reporter junction and all of the sequences gave the identical expected 
sequence. The junction sequences of the plasmids pRT193 and pRT198 are shown 
in the figures. From these constructions BamHI/SnaBI fragment and BamHI/EcoRI 
fragment of the plasmids pRT193 and pRT198 were sub cloned into BamHI/HincII di­
gested or EcoRI/BamHI digested pUCllS and single-stranded DNA sequencing was 
performed. In Figure 3.11, the nucleotide sequences of pre-Inhibitor IIT is shown 
for comparison. These illustrated sequences start from the transcription initiation 
site and extend into the coding region of the pre-Inhibitor IIT or the reporter gene 
construction. The nucleotide sequences of the plasmid pRT193 contain the sequences 
from the transcription initiation site to -1-27 of the ^m2T, a Bglll/BamHI hybrid 
site (5'-AGATCC-3'), and the sequences from the GUS coding sequence. The junc­
tion sequences of the plasmid pRT198 contains the same sequences of the pm2T, 
Bglll/BamHI hybrid site, some polylinker, and the sequence from the CAT coding 
sequence. Therefore, these chimeric genes should produce mRNA initiating at the 
normal pin2T transcript initiation site and prior to the pm2T start codon, the se­
quence switches to that of the reporter gene. In each case the reporter gene's AUG 
initiation codon is the first AUG in the presumptive mRNA for each clone. 
Plant transformation 
After the presence of chimeric genes were confirmed in Agrobacterium using a 
quick screen method and/or in vivo staining with X-gluc solution, leaves of sterile 
tobacco plants were co-cultivated with Agrobacterium transformants. See Materials 
Figure 3.10: Autoradiograms of the sequence analysis of the junction regions be­
tween pm2T promoter and reporter genes. The sequences obtained 
from the plasmids pRT193 and pRT198 are shown. The illustrated se­
quences contain part of pm2T promoter, linker, and a part of reporter 
gene. The transcription initiation site of pm2T is shown as -1-1. BB* 
indicates Bglll/BamHI hybrid site. The translation start of GUS or 
CAT is shown as ATG. 
pa 
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C A T •linker- INHIBITOR II 
Figure 3.11: Nucleotide sequences of junction regions between pm2T promoter and 
reporter genes. The nucleotide sequence of pm2T is also shown for 
comparison with those of the chimeric genes. The small arrow on 
pm2T indicates the putative cleavage site of the transit sequence. +1 
indicates the transcription initiation site and the numbering of the 
amino acids begins at the amino terminus of Inhibitor IIT, GUS, or 
CAT. The Bglll/BamHI hybrid site is shown as BB*. The sequence 
of the plasmid pRT193 contains the pm2T promoter, linker, and GUS 
coding sequence. The sequence of the plasmid pRT198 contains the 
same structure to those of the plasmid pRT193 except this construction 
utilizes the CAT coding sequence instead of GUS. 
+1 251 30 35 
pin.2T CTTACCCCAAAACTAAAAGAAAACAAGGTACTAATTAATTGTCCATA ATG OCT GTT CAC—/ /—GAT GOT TTG GOT TGT ACT AAA GAA TGT GOT AAT CTT 
Met Ala Val His Asp Ala Leu Gly Cys Thr Lye Glu Cys Gly Aan Leu 
pralNHIBITOR IIT 
< —I I : : : > 
+ 1  . . . .  .  5  1 0  1 5  
pRT193 CTTACCCCAAAACTAAAAGAÂAACAAAOATCCCCGGGTGGTGGTCAGTCCCTT ATG TTA COT CCT OTA GAA ACC CCA ACC COT GAA ATC AAA AAA CTC GAG 
BB* Met Leu Arg Pro Val Glu Tlir Pro Thr Arg Glu Ile Lye Lye Leu Aep 
INHIBITOR IIT 008 
->llnker<- CO 
• ^ 1 .  .  •  *  •  .  a  .  5 -
pRT19a CTTACCCCAAAACTAAAAOAAAACAAAOATCCTCTAGGGAAGATCTOAGCTTGGCGAGATTTTCAGGAOCTAAGGAAGCTAAA ATG GAG AAA AAA ATC ACT GOA TAT 
BB* Met Glu Lye Lye lie Thr Gly Tyr 
INHIBITOR IIT 
<  >  l i n k e r  <  
CAT 
•> 
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and Methods for detailed procedures. Transgenic plants were selected on MS solid 
media containing kanamycin. After root induction, tiny plantlets were placed on soil 
peat pot and grown in a culture room equipped with humidifier. The regenerated 
plants were then transferred to greenhouse and grown to maturity. 
PGR analysis of trangenic plants 
PGR was carried out to confirm the presence of the constructions in the trans­
genic tobacco plants (the first generation). Figure 3.12 shows a typical Southern blot 
hybridization of PGR products. Lanes 1 to 17 contained PGR products from different 
transgenic plants (Trl91, Trl92, Trl93, Trl94, Trl95, Trl96, and Tr210) and lane 
18 contained PGR products from an untransformed tobacco plant DNA as a nega­
tive control. Tr210 contains the pm2K-GUS construct. In the case of pm2T-GUS 
and pm2K-GUS constructions, the sizes of PGR product are 301 bp and 307 bp, 
respectively while the pm2T-GAT construction (Trl98) gives a 265 bp PGR product. 
Southern blots of the PGR products obtained from the kanamycin-resistant plant 
DNAs indicate that genomic DNAs from transformed plants do indeed contain the 
correct constructions. 
Promoter Activities and Nuclear Protein Binding Assay 
The reporter gene expression driven by each of the pm2 promoters was analyzed 
in transgenic tobacco plants to compare the promoter activities. GAT and GUS 
assays were performed on wounded as well as unwounded leaves of transgenic plants 
as described in Materials and Methods. DNA gel retardation assays were also carried 
out to determine whether nuclear proteins from wounded and unwounded potato 
Figure 3.12: Autoradiogram of Southern analysis of PGR products from, trans­
formed and untransformed plants. Trxxx indicates the construction 
number of the transformed plant and the number underneath the con­
struction number is the number of the individual plant. (-) indicates an 
untransformed plant as a negative control. Trl91, Trl92, Trl93, Trl94, 
Trl95, and Trl96 contain pzn2T-GUS constructions based on the pro­
moter deletion mutants and Tr210 contains pm2K-GUS construction. 
PGR products of pm2T-GUS and pm2K-GUS constructions should be 
301 bp and 307 bp, respectively. 
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leaves as well as tubers specifically interact with the pin2T promoter. 
CAT activity driven by pin2T and pin2'K promoters 
Figure 3.13 shows the comparison of CAT activities driven by both pin2 promot­
ers (2K and 2T) in transgenic tobacco plants (Tr25 and Trl98). Tr25, which contains 
the ;?m2K-CAT construct, is a homozygous line of transgenic tobacco that was pre­
pared by self-pollination of the initial régénérant. Trl98 contains the Xbal/Bglll 
fragment -963 to -t-27 of pm2T promoter. That fragment was chosen for the pin2T-
CAT construct to be of similar size to the promoter fragment of the ym2K-CAT 
construct. Wounding of transgenic tobacco leaves and the CAT assay were carried 
out as described in Materials and Methods. CAT activities of unwounded (lane 1 and 
5) and wounded (lane 2 and 6) leaves are shown in the figure. E. coli CAT enzyme 
(0.1 Unit) was used as a positive control (lane 4). The lane 3 is a negative control 
and does not contain the CAT enzyme. CAT activity driven by pin2'K promoter was 
induced by wounding, while CAT activity driven by the pin2T promoter was not 
induced by wounding but expressed at extremely low levels in both wounded and un­
wounded leaves. The conversion of chloramphenicol to chloramphenicol acetates was 
around 0.76 ± 0.06 % and 0.65 ± 0.05 % for unwounded and wounded leaves of Trl98 
(14 plants assayed), respectively. On the other hand, CAT activity of the untrans-
formed plant (4 plants assayed) was 0.4 ±0.11 %. This result indicates that pin2T is 
not a wound-inducible gene but is constitutively expressed at low levels. Therefore, 
although the pin2T promoter shows 91% identity with the wound-inducible pin2K, 
the mode of expression is quite different for the pin2T and pin2K promoters. 
Figure 3.13: CAT activities driven by pin2K and pm2T promoters. U and W indi­
cate un wounded and wounded leaves, respectively. - and + indicate the 
negative and positive controls assayed in the absence and presence of 
0.1 unit of E. coli CAT enzyme, respectively. CAT assays were carried 
out 20 hrs after wounding with hemostat. 
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Histochemical GUS assay in transgenic tobacco tissues containing pm2T-
GUS constructs 
When the pin2T-GVS containing transgenic plants were quite young, histochem­
ical GUS assays were carried out to examine the expression of the transgenes. Figure 
3.14 shows some of transgenic tobacco shoots and an untransformed tobacco seedling 
stained with X-gluc. The X-gluc stained tobacco plant tissues confirmed that the 
pm2T promoter was expressed at low level in these unwounded transgenic tobacco 
plants. 
GUS activity driven by pin2T full length promoter and deletion mutants -
GUS gene expression driven by the full length pin2T promoter (Trl95) also 
showed that pin2T is expressed in both unwounded and wounded leaves at low lev­
els. They are 24 ± 7 and 28 ± 10 pmol 4-MU/mg protein-min for unwounded and 
wounded leaves, respectively (Table 3.2). Untransformed plants showed 12 ± 3 and 
14 ± 4 pmol 4-MU/mg protein-min for unwounded and wounded plants, respectively. 
On the other hand, GUS activity driven by the wound-inducible pin2K promoter 
(Tr210) showed that wounding induces the expression of the GUS gene by 23x fold 
over the level than is found in unwounded leaves. Unwounded leaves of Tr210 have 
61 ± 52 pmol 4-MU/mg protein-min while wounded leaves of Tr210 have 1406 ± 97 
pmol 4-MU/mg protein-min. Thus, expression of the GUS gene by the pin2T pro­
moter shows a similar mode of expression to the pm2T-CAT construction and both 
genes are expressed at low levels. It appears, therefore, that the the pin2T promoter, 
although functionally competent, does not have wound-inducible regulation. 
The fact that the pin2T promoter is not wound-inducible yet it does show 91% 
Figure 3.14: Histochemical localization of the pin2T-GUS gene expression in trans­
genic tobacco plants. Tobacco shoots regenerated on MS agar medium 
containing kanamycin (100 mg/l) were stained with X-gluc (1 mM) at 
37°C for overnight. An untransformed tobacco seedling is shown at 
lower left as a negative control. 
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identity with the wound-inducible pm2K promoter and leads to one of two conclu­
sions. Either the deletions in the pin2T promoter are responsible for the loss of 
wound-inducibility or there are some sequences in the pin2T promoter that silences 
the expression of the pin2T promoter Silencers, which are upstream promoter ele­
ments, have been shown to exert negative effects on transcription. They have been 
best characterized in ceU-cycle-specific genes of yeast (Brand et al., 1985) and the 
light-harvesting chlorophyll a/b-binding protein gene of pea (Simpson et al., 1986). 
The promoter deletion series that were previously constructed allows us to answer 
this question. 
GUS activities driven by the promoter deletion mutants also showed that plants 
transformed with these constructions show low GUS activities in either unwounded 
or wounded leaves (see Table 3.2). In all cases, the levels of GUS activity in the 
unwounded leaves ranged from 16 ± 8 to 20 ± 10 pmol 4-MU/min-mg protein. There 
was no observed induction in the wounded leaves from these same plants assayed at 
the same time. The range of GUS activity in the wounded leaves ranged from 15 
it 10 to 26 ± 13 pmol 4-MU/min-mg protein regardless of the size of the promoter 
fragment. Thus, the presence of silencers in the upstream region of pin2T that might 
influence the expression of this promoter was ruled out. Therefore, the most likely 
conclusion of these studies is that the natural deletions in the pm2T promoter are 
responsible for loss of wound-inducibility. 
When these deleted sequences are searched through the Genebank (Devereux et 
al., 1984), we identified one sequence from pin2K 5'-AGTAAA-3' that is found in a 
wide variety of other wound-inducible genes but is not easily found in the published 
promoter sequence of the other plant genes. This sequence is repeated three-times in 
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Table 3.2: GUS activity® driven by pm2T and pm2K promoters. 
Transgenic plant Promoter Unwounded Wounded 
Tr210(n=2)^ Taq-Sca(pm2K) 61 ± 52 1406 ± 97 
Trl95(n=8) Cla-Bgl(2.0 kb) 24 ± 7 28 ± 10 
Trl93(n=15) Xba-Bgl(990 bp) 20 ± 10 26 ± 13 
Trl92(n=23) Taq-Bgl(804 bp) 17 ± 12 15 ± 10 
Trl91(n=16) Hpa-Bgl(684 bp) 19 ± 6 24 ± 13 
Trl96(n=2) Nhe-Bgl(444 bp) 17 ± 3 18 ± 3 
Trl94(n=7) Sau-Bgl(225 bp) 16 ± 8 18 ± 7 
Untransformed(n=4) 12 ± 3 14 ± 4 
®unit of GUS activity: pmol 4-MU/min-mg protein 
^number of plants assayed 
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the two deleted regions (Al and A2) of pin2T promoter. The wound-inducible pin2K 
promoter contains the hexanucleotide 5'-AGTAAA-3' once in A2 region and twice 
in Al region of pin2T promoter. Table 3.3 shows the comparison of the promoter 
sequence of pin2T with that of the wound-inducible pin2K in two deleted regions as 
well as those of the other wound-inducible genes. 
The sequence 5'-AGTAAA-3' could be found easily in other wound-inducible 
genes. They are genes for chalcone synthase (Herrmann et al., 1988; Wingender et al., 
1989), phenylalanine ammonia-lyase (Lois et al., 1989; Ohl et al., 1990), pathogenesis-
related protein (Cornelissen et al., 1987), chitinase (Broglie et al., 1989), and hydroxy 
proline-rich extensin (Chen and Varner, 1985) as well as in genes with unknown 
function genes, winl and win2 (Stanford et al., 1989), winZ (Bradshaw et al., 1989), 
and wunl (Siebertz et al., 1989). However, this hexanucleotide could not easily be 
found in the promoter region of other plant genes. Only one of 20 different promoters 
of the published ribulose-1,5-bisphosphate carboxylase small subunit genes (Manzara 
and Gruissem, 1988) contains this sequence. Only one of 11 auxin-inducible genes 
(Czarnecka et al., 1988) contains this sequence. In addition to these genes, one of 
six different leghemoglobin genes (Stougaard et al., 1987; Metz et al., 1988) contains 
this sequence. However, promoter sequences of soybean nodulin-23 and nodulin-24 
genes (Mauro et al., 1985), chlorophyll a/b binding protein genes from pea, wheat, 
and Arahidopsis (Simpson et al., 1985; Nagy et al., 1987; Ha and An, 1988), and 
7 different ribulose-1,5-bisphosphate carboxylase large subunit genes (Zurawski and 
Clegg, 1987) do not have this hexanucleotide in their sequenced promoter regions. 
Therefore, it is proposed that this hexanucleotide 5'-AGTAAA-3' is a puta­
tive wound-responsive element (WRE) in this late-class (see Discussion) of wound-
Table 3.3: Comparison,of nucleotide sequences of pinZT A1 and 
pin2T A2 with other wound-inducible genes 
Plant Gene Sequence Reference 
Potato 
Potato 
Potato 
Potato 
Potato 
Potato 
Potato 
Potato 
Poplar 
Parsley 
Soybean 
Parsley 
Arabidopsis 
Bean 
Bean 
Bean 
Tobacco 
Tobacco 
Carrot 
pin2K 
pin21 
pin2K 
pin2T 
winl 
win2 
win2 
wunl 
wln3 
chsl*' 
ch32 
pall'' 
pall 
casb" 
cASB 
CilSB 
prl' 
prl 
extensin 
-294 -253 
AATAAAATAGACACAAACAAOÏAAAATTACTCATTGATCTTT 
-254 -233 
GATAAAATAGACACAAAA A2 CTTT 
•232 -191 
G6ACATCTACTTTTAGTATAOXAAACAAGIAAAGATCGGATA 
-212 -193 
GGACATCTA A1 AAGATCGGATG 
-804 -763 
TGCAAAAATGAATGAAATTAGIAAATTTTGGCCATAGATTTC 
-1324 -1283 
TATA6TAGAAGTTAG6AAAAOIAAAG6TAGACCGAAATAGAC 
-900 -859 
ATCAAACATACGCATATCAAOXAAAAAATGAAGGTTTGATGT 
-478 -427 
GAAATATAATTTTTTATTTAGTAAAATAATATGAGAATTAAT 
-153 -112® 
TTTGTCGGAAATCAGCACGAOXAAAACACTCCAATTTGTATT 
•87 -46 
CCTCCCTTGAATTTCTATCAOTAAATTTTCAACCCTCTCTOT 
-309 -267 
ATGAGCGTTAACATAATCAAGTAAAAATGATATTAAAAAAAA 
-303 -261 
CAGGTCATTCTAATCTAGGAGTAAAAAACTCCTGTTCAAACC 
-659 •617 
AGTTATAACAAAATGGTACAGXAAATTAAACAGAACATCAAG 
-1567 -1525 
ATTTCCGTTGAACAGTGAAAOXAAAAAGAAAAAAAAATATAA 
-633 591 
TAATTTAAATTAATAAAATAGXAAATAAAAAAAATTATACTT 
•104 -62 
GTGGAAGGAGGAGGAGAAAAGXAAAATTAAGAATAGTTAATG 
•1148 •1107 
TAACATGCATAAAGTGAAGAOXAAAATGAAAAATCTATTTTT 
-290 -249 
AAAAGAGATATAATATGGAAGXAAAAATTAATCAGATCAAAA 
-352 -311 
AGAAACACCGACTCTGAAAAOIAAAAATTATACAATGAAAAT 
Palm et al., 1990 
this work 
Palm et al., 1990 
this work 
Stanford et al., 1989 
Stanford et al., 1989 
Stanford et al., 1989 
Siehertz et al., 1589 
Bradshaw et al., 1989 
Herrmann et al., 1988 
Wingender et al., 1989 
Lois et al., 1989 
Ohl et al., 1990 
Broglie et al., 1989 
Broglie et al., 1989 
Broglie et al., 1989 
Cornelissen et al., 1987 
Cornelissen et al., 1987 
Chen and Varner, 1985 
a, from ATG; b, chalcone synthase; c, phenylalanine ammonia-lyase; d, chitinase; 
e, pathogenesis-related protein. 
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inducible genes. In order to confirm that the hexanucleotide is in fact the wound-
responsive element in wound-inducible genes, mutations of wound-inducible pm2K 
promoter at the sequence 5'-AGTAAA-3' and the reporter gene expression driven by 
mutant promoters in transgenic plants should be carried out. 
DNA gel retardation assay of pin2T 
It is known that eukaryotic genes generally require protein-DNA interactions to 
mediate their expression. It is further known that nuclear proteins specifically inter­
act with sequences in the pm2 promoter (Palm et al., 1990; Keil et al., 1990). To 
determine whether the pin2T promoter was deficient in its interactions with nuclear 
proteins, DNA gel retardation assays were carried out on the pin2T promoter frag­
ments. The electroeluted Hindlll/EcoRI fragments of the plasmids pRT154, pRT164, 
and pRT165 were radiolabeled and labeled DNA fragments were isolated according 
to method described in Material and Methods. The radiolabeled DNA fragments 
were incubated with the nuclear proteins from 3 different tissues, unwounded (U) 
and wounded (W) potato leaves as well as tubers (T), and run on a polyacrylamide 
gel. DNA fragment alone is shown as The autoradiogram of gel retardation assay 
is shown in Figure 3.15. Hpall-Nhel and NheI-Sau3AI fragments did not show any 
retarded DNA fragments. However, the Sau3AI/BglII fragment did show retarda­
tion of the labeled DNA fragment. This binding was specific because the signal from 
DNA-protein complex was dramatically reduced when a 10 fold excess of unlabeled 
Sau3AI/BglII fragment was added to in the binding reaction (lane 4 of the Figure 
3.15 (B)). The same signal was also decreased when the amount of labeled fragment 
was decreased by half (lane 1 of the Figure 3.15 (B)). These results are identical 
Figure 3.15: Autoradiogram of DNA gel retardation assay. (Panel A) The sym­
bols at the bottom of each lane represent additions to the labeled 
DNA fragments. (-) indicates no additions while U, T, and W indi­
cate the presence of nuclear proteins isolated from unwounded leaf, 
tuber, and wounded leaf, respectively. Three pin2T promoter frag­
ments (Hpall/Nhel, NheI/Sau3AI, and SauSAI/Bglll) were incubated 
with the isolated nuclear proteins and subjected to 4% polyacrylamide 
gel. After drying, the gel was exposed to X-Omat film for the autora­
diogram. (Panel B) Competetion of DNA binding proteins with un­
labeled DNA fragment. Lane 1 contains a reduced amount of labeled 
SauSAI/Bglll fragment; Lane 2 contains labeled SauSAI/Bglll frag­
ment only; Lane 3 contains labeled Sau3AI/BglII fragment and nuclear 
proteins; Lane 4 contains labeled and unlabeled (lOx) Sau3AI/BglII 
fragment plus nuclear proteins. 
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with those previously reported for the pin2K promoter (Palm et al., 1990) and they 
indicate that the deletions in the pin2T promoter did not cause the loss of nuclear 
protein binding ability to this promoter. 
Effects of Inducers on the Expression of pin2 
Several different biochemical compounds are known to have the ability to affect 
the proteinase inhibitor gene expression. In order to further compare the activity of 
the pin2T and pin2K promoters, three of these compounds, sucrose, abscisic acid, 
and naphthalene acetic acid, were tested for their ability to induce the expression of 
pm2T-CAT and pm2K-CAT constructions in leaves of transgenic plants. 
Effect of sucrose on the CAT activity driven by the pin2 promoters 
Sucrose is known to induce the expression of the wound-inducible pin2K 
(Johnson and Ryan, 1990). To investigate whether sucrose could induce the expres­
sion of the CAT construction containing the pin2T promoter, leaves from transgenic 
tobacco plants (Trl98) containing a pm2T-CAT chimeric gene were treated with su­
crose and subjected to CAT assay. Leaves from Tr25 which contained a pm2K-CAT 
construct was similarly treated as a positive control. Figure 3.16 shows the CAT 
activities driven by both of the pin2 promoters in the presence of varying amounts of 
sucrose. Low levels of CAT activity were observed in leaves of Tr25 plants incubated 
on sucrose solutions of 0.25% or less. With increasing concentration of sucrose, CAT 
activity progressively increased reaching a plateau at about 2% sucrose. The maxi­
mum inducible activity was observed at 10% sucrose that showed 50 fold higher levels 
of CAT expression than that in the absence of sucrose. Thus, CAT activity driven 
Figure 3.16: Comparison of CAT activities driven by pzn2K and •pin2T promoters 
in the presence of sucrose. CAT activity is shown as the percent con­
version of chloramphenicol into chloramphenicol acetates. The amount 
of sucrose is shown on a logarithmic scale. CAT assays were performed 
20 hrs after incubation with sucrose solution. 
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by the wound-inducible pm2K promoter was strongly induced in response to increas­
ing concentrations of sucrose but no induction of CAT activity was observed for the 
pin2T promoter construction. Trl98 leaves showed low levels of CAT expression at 
all concentrations of sucrose. 
Other sugars also failed to induce the expression of the pm2T construct even 
though they showed good induction of the pin2K construction. Figure 3.17 shows the 
responses of Tr25 (lanes 1 to 5) leaves incubated on solutions of different metabolic 
sugars, including sucrose (lane 2) fructose (lanes 3), glucose (lanes 4), and maltose 
(lanes 5). In all cases, the leaves of Tr25 exhibited an enhancement of CAT activity 
similar to that induced by sucrose alone. However, none of these carbohydrates were 
able to induce expression of the CAT in the Trl98 plants (lanes 6 to 10). Therefore, 
the pm2T promoter is not responsive to sucrose or other metabolic sugars as is the 
wound-inducible pm2K promoter. 
Effect of abscisic acid on the CAT expression driven by pin2K. and •pin2T 
Another biochemical compound that has been shown to induce the expression 
of pin2 is abscisic acid (ABA) (Pena-Cortes et al., 1989). To further characterize 
the differences between pinT£ and pm2K, the effect of ABA on the CAT expression 
driven by pin2K and pin2T promoters was examined. Figure 3.18 shows the CAT 
activities driven by two different promoters in the presence of ABA. Leaves of Tr25 
and Trl98 plants were incubated in solution containing various amounts of ABA. 
Induction of the pm2K-CAT construction was observed in the leaves of Tr25 only 
at the very highest concentration of ABA (100 /xM, lane 4). This concentration of 
ABA is well outside of the normal physiological range (162 to 366 ng/g f.wt. which 
Figure 3.17: Comparison of CAT activities driven by pm2K and pm2T promoters 
in the presence of various carbohydrates. -, sue, fru, glu, and mal indi­
cate water alone, sucrose, fructose, glucose, and maltose, respectively. 
CAT assays were carried out 20 hrs after incubation with carbohydrate 
solution (3%). 
100 
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Figure 3.18: Comparison of CAT activities driven by pm2K and pira2T promoters 
in the presence of ABA. Lanes 2 and 6, 3 and 7, and 4 and 8 were 
from leaves incubated in 1 /iM, 10 fiM, and 100 /zM ABA solution, 
respectively. Lanes 1 and 5 were from leaves incubated in distilled 
water. CAT assays were carried out 20 hrs after incubation with ABA 
solution. 
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is less than 0.6 to 1.4 /iM) of ABA reported in solanaceous plants (Pena-Cortes et 
al., 1989). At lower levels of ABA, the wound-inducible gene was not induced in our 
hands. While the leaves of Tr25 were induced by ABA, the leaves of Trl98 (lanes 5 
to 8) were not affected by these concentrations of ABA. Therefore, pin2T also differs 
from pin2K in its response to ABA. 
Effect of auxin on the CAT activities driven by pin2T and pin2K promot­
ers. 
Another plant hormone that is known to affect pin2 gene expression is auxin 
(Kernan and Thornburg, 1989). Therefore, the effect of a-naphthalene acetic acid (a-
NAA), which is one of the nrost active auxins, was tested on the pin2 genes. Because 
auxin represses the expression of the pm2K-CAT construction, these experiments 
were conducted by placing transgenic calli on media lacking all auxin. After several 
days, when residual levels of auxin are used up, the wound-inducible pin2K gene 
is derepressed. Therefore, calli generated from Trl98 and Tr25 were placed on the 
fresh medium lacking oz-NAA for 7 days. Figure 3.19 shows the effect of auxin on 
the CAT activities driven by pin2T and pin2K promoters. The CAT activity driven 
by the wound-inducible pin2K promoter was derepressed in the absence of a-NAA, 
while the CAT activity driven by the non-wound-inducible pin2T promoter was not 
derepressed. These results also showed that pin2T differs from pin2K in response to 
auxin. 
Figure 3.19: Comparison of CAT activities driven by pm2K and pin2T promoters 
in the presence of a-NAA. Calli were placed in MS solid medium with 
2 mg/1 a-NAA (lanes 1 and 3) or without a-NAA (lanes 2 and 4). 
CAT assays were carried out 7 days after transfer. 
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EiFects of the inducers, sucrose and ABA, and the repressor a-NAA, on the 
expression of genes showed that the •pin211 promoter lacks the ability to be 
induced by either wounding or sucrose or ABA. It further cannot be derepressed in 
the absence of auxin. The pm2K promoter is fully competent to respond to wounding, 
sucrose, and ABA and auxin derepression. From the molecular analysis of the prâ2K 
and pm2T genes, it appears that the loss of the sequences in Al, A2, and A3 may 
be responsible for loss of a battery functions in the pin2T promoter. 
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CHAPTER 4. DISCUSSION 
Most wound-inducible genes are transcriptionally activated relatively rapidly 
after wounding. Induction of soybean chalcone synthase transcripts was observed 
2 h after wounding (Wingender et al., 1989). Phenylalanine ammonia-lyase and 
chalcone synthase mRNAs were increased 2 h after excision-wounded hypocotyls of 
dwarf French bean (Bell et al., 1986). Induction of transcripts homologous to the 
three hydroxyproline-rich glycoprotein cDNA clones was first detected within 1.5 h 
after wounding of French bean hypocotyls (Corbin et al., 1987). wunl homologous 
RNA was detected even 30 min after wounding of potato tubers (Longmann et al., 
1988). However, expression patterns of proteinase inhibitor genes differ from this 
early-class of wound-inducible genes. Inhibitor I and II mRNAs was induced be­
tween 4 and 6 h following wounding (Graham et al., 1986). Thus, the Inhibitor I and 
II represent a late-class of wound-inducible genes. In addition to this slow activation 
of proteinase inhibitor genes, they are also expressed systemically. Inhibitors are ex­
pressed in the unwounded leaves as well as wounded leaves of wounded plants while 
other wound-inducible genes are expressed only in cells surrounding the site of attack 
(Ryan, 1984). Therefore, while most wound-inducible genes belong to the early-class 
of inducible genes, the proteinase inhibitors are one of a few genes that have been 
identified as belonging to this late-class of wound-inducible genes. 
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Other late-class wound-inducible genes include 'wun2 of potato tuber (Logemann 
et al., 1988) and chitinase gene of bean (Hedrick et al., 1988). The expression of 
WMn2-homologous RNA was delayed being detectable 4 h after wounding. Chitinase 
transcripts accumulated maximally in wounded hypocotyi of bean 12 h after wound­
ing. Because these late-class wound-inducible genes are clearly regulated differentially 
from the early-class, this work focuses on understanding the mechanisms of activation 
of these late inducible genes. In this regard, the potato Proteinase Inhibitor IIT gene 
(pm2T) was isolated and characterized molecularly. 
The nucleotide sequence of the pzn2T promoter is highly homologous (91% iden­
tity) with that of wound-inducible pm2K from -767 to 4-29 relative to the transcrip­
tional start site of pm2K. There are, however, four small deletions (22bp, 20bp, 65bp, 
and 52bp) which are at -202, -234, -462, and -708 from the transcription start site 
of pm2K. They are referred to as Al, A2, A3, and A4, respectively. Even though 
the two promoters are highly homologous, the pin2T promoter was not induced by 
mechanical wounding but was expressed at a low level in transgenic tobacco plants. 
This weak promoter activity was not due to the presence of silencer sequences in the 
upstream region of the pin2T promoter because removal of the upstream portion of 
pm2T did not activate the remaining core promoter in transgenic plants. 
Two different groups have previously analyzed the promoter of potato wound-
inducible Inhibitor II genes. Both of these promoters show >99% identity in the 
5' flanking region. Palm et al. (1990) analyzed the pm2K promoter using 3' to 5' 
internal deletions. The truncated promoters were fused to a core promoter from the 
nopaline synthase gene. These studies indicated that the promoter region at -557 to 
-136 is required for wound-induced expression. Keil et al. (1990) analyzed a nearly 
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identical potato Inhibitor II promoter using 5' to 3' external deletions and concluded 
that wound-responsive elements were probably located in the region between position 
-514 and -210. Alignment of the promoter sequences of pin2T with the wound-
inducible pm2K (see Figure 3.4) showed that three of the deleted regions (Al, A2, 
and A3) are located within the region identified as necessary for the wound-inducible 
expression of pm2 promoters. 
Because the pm2T gene is functional, but has lost the wound-inducible pheno-
type, we searched the Genebank date base for sequences of other wound-inducible 
genes that are related to these deleted regions. The survey of the specific sequence in 
the deleted regions indicated that the hexanucleotide 5'-AGTAAA-3' is found readily 
in at least 12 wound-inducible genes but is not frequantly found in the promoters of 
other plant genes. Therefore, the sequence 5'-AGTAAA-3' is proposed as a candi­
date for the wound-responsive element in the wound-inducible pin2 gene. In order 
to confirm that the hexanucleotide is in fact the wound-responsive element in these 
wound-inducible genes, mutations of wound-inducible pm2K promoter at the se­
quence 5'-AGTAAA-3' and the reporter gene expression driven by mutant promoters 
in transgenic plants should be carried out. 
Although nuclear proteins are known to bind to the •pinl promoter, there have 
been no reports of nuclear proteins, which can bind to this putative wound-responsive 
element in any of the previously identified wound-inducible genes. Palm et al. (1990) 
showed that tomato nuclear proteins from both wounded and unwounded leaves are 
capable of binding to the proximal region of the pm2K promoter. The protein bind­
ing site appears to be the sequence 5'-AAGCGTAAGT-3' located at -165 to -156 in 
the •pin2Yi. promoter. This sequence is located at the 32 bp downstream of the 
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proximal putative wound-responsive element. The three repeats of the putative 
wound-responsive element are located at -202 to -197, -210 to -205, and -272 to 
-267 in the wound-inducible pm2K promoter. When the nuclear proteins was binding 
to the wound-inducible pm2K promoter, DNA gel retardation assays also showed that 
nuclear protein(s) from both wounded and unwounded potato leaves interact with the 
proximal promoter region of the pm2T (see Figure 3.15). Even though there is no 
direct evidence that potato nuclear proteins bind to the same site as it is found in the 
wound-inducible pm2K, these results are identical to the results reported by Palm et 
al. (1990), therefore, it is likely that nuclear proteins from potato leaves bind to the 
same sequences in pm2T. The protein binding site 5'-AAGCGTAAGT-3' is present 
in the same position in both pm2K and pin2T. 
No nuclear proteins were found, however, to bind to the essential sequence at 
-557 to -210 in either our studies. Palm's studies or Keil's studies. These results 
indicate that nuclear proteins which have been previously identified may not play 
a direct role regulating the wound-inducible expression of •pin2. The question thus 
arises as to how can these putative wound-responsive elements effect wound-inducible 
expression if protein-DNA contacts in this region are undetectable. While we cannot 
directly answer this question, we can provide some alterative hypotheses. It is possible 
that irans-acting factor(s) do indeed bind to the putative wound-responsive sequence, 
5'-AGTAAA-3', but that this binding is transient and DNA-protein complex may not 
be stable enough to detect in vitro. Alternatively, the primary interaction may be at 
-165 to -156 and the same protein or a protein complex may interact secondarily with 
the region containing the wound-responsive elements, which is at -280 to -190. The 
second hypothesis would require that the DNA of the pin2 promoter bend during 
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the process of gene activation. There are several examples of DNA bending resulting 
in gene activation. Perhaps the best characterized is the E. coli arabinose operon 
(Schleif, 1987). In the E. coli arabinose operon, araC protein binds both to ara02 
located at -280 and to aral located at just upstream of the RNA polymerase binding 
site. These araC protein then bind to each other to form a double-stranded DNA loop 
of 210 base pairs that is involved in regulation of gene expression. The regulation 
of the Inhibitor II gene therefore seems to be quite complex and is incompletely 
understood. 
In addition to wounding, there are at least seven different biochemicals that have 
been shown to affect the expression of the proteinase inhibitors in solanaceous plants. 
These includes polysaccharide fragments from plant (Bishop et al., 1981) or fungal 
cell walls (Walker-Simmons and Ryan, 1984), metabolizable sugars (Johnson and 
Ryan, 1990), jasmonic acid (Farmer and Ryan, 1990), and plant hormones abscisic 
acid (Pena-Cortez et al., 1989) and auxins (Kernan and Thornburg, 1989). The 
molecular mechanisms mediating the activation of the wound-inducible genes by these 
biochemicals have not yet been elucidated. However, the effect of several of these pin2 
regulators was compared with the wound-inducible pin2K and non-wound-inducible 
pin2T constructions. Sucrose, abscisic acid (ABA), and ct-naphthalene acetic acid 
(a-NAA) were available to examine the expression of the two pin2 genes in transgenic 
tobacco plants and calli derived from these plants. 
Sucrose was shown to enhance the expression of the wound-inducible pin2K 
promoter in transgenic tobacco plants (Johnson and Ryan, 1990). Therefore, the 
effect of sucrose on the expression of CAT driven by non-inducible pin2T promoter 
was examined in transgenic tobacco plants. Sucrose did not induce the expression 
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of non-wound-inducible pin2T but the wound-inducible pm2K was well induced by 
sucrose. We therefore examined the DNA sequence of several sucrose-inducible genes 
including pin2K, patatin-1 (Wenzler et al., 1989), y5-conglycinin (Bray and Beachy, 
1985; Doyle et al., 1986), sporamin (Hattori and Nakamura, 1988; Hattori et al., 
1989) genes. Promoter deletion analysis of the patatin-1 gene in transgenic plants 
(Jefferson et al., 1990) showed that a repeated sequence was important for sucrose-
inducible expression of this gene. This putative sucrose-responsive sequence is found 
at -224 to -154 and -579 to -471 in the patatin-1 promoter. The putative sucrose-
responsive element of •patatin-1 located at -191 to -154 and -508 to -471 has 72% 
identity with the wound-inducible pin2K sequence located at -506 to -460. This 
sequence was deleted in the A3 region of the non-inducible pin2T promoter. The 
70% nucleotide identity between the pin2K promoter and the patatin-1 promoter is 
typical of the homology found among other sucrose-inducible genes, /5-conglycinin 
(Doyle et al., 1986) and sporamin (Hattori and Nakamura, 1988) genes. 
In addition to sucrose, abscisic acid (ABA) has been shown to induce the pin2 
transcript accumulation in potato and tomato plants (Pena-Cortes et al., 1989). 
pin2K also contains a putative ABA-responsive element (5'-CACGTG-3') located in 
its promoter. An ABA-responsive element 5'-ACGTGccgC-3' was proposed by Mar­
cotte et al. (1989) based on the study on the ABA-regulated wheat Em gene. In addi­
tion, Guiltinan et al. (1990) found that an 8-base pair sequence (5'-CACGTGGC-3') 
of the Emla, gene interacts specifically with a DNA binding protein (EmBP-1). A 
similar sequence 5'-TACGTGGC-3' in the ABA-inducible rice rah genes was also pro­
posed as ABA-responsive element by Mundy et al. (1990). Similar sequences to the 
proposed ABA-responsive element are found in the wound-inducible genes, pm2K 
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(Palm et al., 1990), wunl (Siebertz et al., 1989), wml, and win2 (Stanford et al., 
1989) from potato. However, the sequence 5'-CACGTGGA-3' is also present in the 
non-wound-inducible •pin2T promoter located at -568 to -561. Therefore, the effect of 
ABA on the expression of CAT driven by the non-wound- inducible pm2T promoter 
was examined in transgenic tobacco leaves. ABA did not induce the level of CAT 
expression, indicating that the non-inducible pin2T is not an ABA-inducible gene. 
However, no nuclear proteins were found that bound to this 5'-CACGTGGC-3' or to 
surrounding sequences of wound-inducible pinTK. 
Among the seven different biomolecules which regulate the expression of the 
proteinase inhibitors, auxin is the only known repressor molecule. Therefore, the 
eflFect of a-NAA on the expression of CAT activity driven by the non-wound-inducible 
pm2T promoter was also examined in transgenic tobacco calli. CAT expression in 
the transgenic tobacco calli containing pm2T-CAT construction was not derepressed 
when calli were incubated in the absence of auxin. However, the wound-inducible 
pm2K was derepressed under these conditions. 
Effects of inducers, sucrose, ABA, and a-NAA, on the expression of •pin2 showed 
that the non-wound-inducible pm2T promoter was also not induced by sucrose or 
ABA or derepressed in the absence of a-NAA as was the wound-inducible pm2K 
promoter. Further, loss of functionality with each of these inducers correlates with 
the loss of the wound-inducible phenotype in the pm2T promoter. These results 
indicate that there may be one or two sites in the wound-inducible promoters which 
mediate the action of each inducer molecules. 
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CHAPTER 5. CONCLUSION 
Summary 
A potato Inhibitor II gene (pm2T) was isolated from a recombinant bacterio­
phage containing potato genomic DNA library using a tomato Inhibitor II cDNA as 
a probe. The primary structure based on the nucleotide sequence analysis indicated 
that the pin2T contains one open reading frame, which codes an Inhibitor II pro­
tein. This protein has 147 amino acids including a 25 amino acid transit sequence. 
The pin2T promoter contains typical eukaryotic controlling sequences, TATAAA and 
CAAT, and the terminator contains the poly A signal (A ATA AG). Each of these se­
quences is present at similar positions in both the pm2T gene and in the previously 
isolated wound-inducible pm2K gene. 
The full length as well as deletion mutants of the pm2T promoter portion were 
linked to reporter genes containing the terminator from the wound-inducible pin2K 
gene. The junction regions between reporter genes and the pin2T promoter as well as 
the pm2K terminator were sequenced to confirm the structure of the chimeric genes. 
These constructs were transferred to tobacco plants using A^roôacierrâm-mediated 
transformation. The presence of constructs in the tobacco plants was verified by 
using polymerase chain reaction. 
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The chloramphenicol acetyl transferase (CAT) activity and the ^-glucuronidase 
(GUS) activity driven by the pm2T promoter showed that the gene was not induced 
upon wounding, even though the promoter nucleotide sequence of the isolated gene 
has high homology (91%) with that of the wound-inducible pm2K except for four 
small deletions. Three of these small deletions map to the region that mediates 
wound-inducibility. Other plant genes located in the Genebank data base (Devereux 
et al., 1984) were searched for the presence of the sequences of Al, A2, and A3. 
This survey indicated that the hexanucleotide 5'-AGTAAA-3' is found readily in at 
least twelve other wound-inducible genes but is not frequently present in non-wound-
inducible genes. Promoter deletion analysis of the pin2T ruled out the possible pres­
ence of the silencer sequences in the promoter, therefore the loss of wound-inducibility 
is likely due to the loss of the sequences present in Al, A2, and A3. 
DNA gel retardation assays were carried out on the pm2T promoter fragments 
with nuclear proteins from unwounded and wounded leaves and from tubers of potato. 
These analyses showed that nuclear proteins from both unwounded and wounded 
leaves bind to the proximal promoter region. 
The loss of wound-inducibility was correlated with the loss of inducibihty by 
three of the seven known inducers of the -pin gene system, sucrose, ABA, and auxin. 
The comparison of the promoter sequence of the pm2T with that of the wound-
and sucrose-inducible pm2K leads to the prediction that the deletion of several small 
sequences in the pm2T promoter region relative to the pm2K promoter is responsible 
for the loss of inducibility in the pm2T gene. 
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APPENDIX : CONSTRUCTIONS 
pRT24: Taql/Scal fragment of pm2K promoter in pUC13 
pRT38: Rsal/AccI fragment of pm2K terminator in pUC13 
pRTl06: Hindlll/Hindlll fragment of pin2T (5') in pUCllS 
pRTlOT: Hindlll/Clal fragment of pm2T (5') in pUCllS 
pRT119: Hindlll/PstI fragment of pm2T (3') in pUCllS 
pRT121: Hindlll/AccI fragment of ^m2T (3') in pUCllS 
pRT125: Bglll site inserted at upstream of pin2K terminator in pUCl3 
pRT130: Rsal/AccI fragment of pin2T (3') in pUCllS 
pRT132: Sphl/AccI fragment of pm2T (3') in pUCllS 
pRT133: CAT coding sequence and pin2K terminator in pUCl3 
pRTl36: Bglll site inserted at +27 in pin2T promoter of pRTlOT 
pRTl41: Xbal/Shpl fragment of pin2T in pUCllS 
pRTl46: Bglll site inserted at Hindi site of pUCllS 
pRT149: Nhel site inserted at -417 in pm2T promoter of pRT136 
pRTl51: Hpall/Bglll fragment of pira2T promoter in pUCllS 
pRTl52: Taql/Bglll fragment of pin2T promoter in pUCllS 
pRTl53; Xbal/Bglll fragment of pin2T promoter in pUCllS 
pRT154: Sau3AI/BglII fragment of •pin2T promoter in pUCllS 
pRT155: Clal/Bglll fragment of pm2T promoter in pUCllS 
pRT159: Nhel/Bglll fragment of pin2T promoter in pUCllS 
pRT163: Clal/Nhel fragment of pin2T promoter in pUCllS 
pRT166: NheI/Sau3AI fragment of pin2T promoter in pUCllS 
pRT167: Hpall/Nhel fragment of pin2T promoter in pUCllS 
pRT187: GUS coding sequence in pUCllS 
pRT188: GUS coding sequence in pBN19 
pRT189: GUS coding sequence with pin2K terminator in pBN9 
pRT190: CAT coding sequence with pin2K terminator in pBN9 
pRT191: Hpall/Bglll fragment of pin2T promoter in pRT189 
pRT192: Taql/Bglll fragment of pin2T promoter in pRT189 
pRT193: Xbal/Bglll fragment of pin2T promoter in pRT189 
pRT194: Sau3AI/BglII fragment of pin2T promoter in pRT189 
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pRT195: Clal/Bglll fragment of pm2T promoter in pRT189 
pRT196: Nhel/Bglll fragment of promoter in pRT189 
pRT198: Xbal/Bglll fragment of pm2T promoter in pRTl90 
pRT210: Taql/Scal fragment of pm2K promoter in pRT189 
pRT215: SnaBI/Nsil fragment of pRT189 in pUCllS 
pRT216: EcoRI/Nsil fragment of pRT190 in pUC118 
pBIlOl.l : promoterless GUS constructs with nos terminator in pBN19 
pGA425: CAT coding sequence in pBR322 
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